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Taiwan Beech
A relic summer-green forest
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EEKEMEEEEE  Leaves and fruits of Taiwan beech

TR EINRSS A PG

Leaf covered with tufts of hair on axils of lateral veins beneath.
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BE/KERIFERSEE  Flowers and leaves of Taiwan beech

€ ReBVERIME EoIESE - e
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» SNAEIEARTE T B -
E K A AR BRI E R -

Taiwan beech in full bloom
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é? ?ﬁiﬂ(% ﬁ E]/‘j &ﬁ%zlgé‘% EH ﬁ 1% EEKE RIS RE Acorns of Taiwan beech

MV REURHIERAT— PR (Nariaki Konishi) 2190652 H
(BHIG39%E ) BT S e AR R 1L (Bt =@y bR
D) 715 5 BARRRST205% - 1895 S B RO - /WHRE
REEE AR N RBUSEAE - REGREZE RN & EYiE S8R5
- MBRIBET R - (EHEEEARMENR - i - Y R RS
B - BRI =4F - LM - fEEY) TR E R REREE S
{12 (Taiwania cryptomerioides) ~ ¥R+ (Cunninghamia konishii
) KRBT - DR T/, (Konishi) sy fAIIEYIIRNE
L% -

WRIAR R E SRR AR R U B SR B BRI Y SR B E
H RS EER (Bunzd Hayata) #IA0 kit » #bd S B LBIGM 7K
HRRTEETE (Fagus sylvastica var. ?) » S0 19084 HRRAY T
B EEYIES  206H -

190745 HH Sl S AR AN 264G R #E 3T AMonsieur J. Palibin #57E
Bl 5 5% - (HAE YRR B0 fed alt HI R B FH SRl FE ST 55 4T © Palibin A
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19114 (HIB444F) - BRIV FHSGEFTRER  (Materials for
a flora of formosa supplementary: Notes to the Enumeratio plantarum
Formosanarum and Flora Montana Formosa) FH1 » &F471H » &
K E A Z R RN 5286 H o HE 4 Fagus hayatae Palibin FJFH
/I Thayatae § S Ry T & - H ST A

12 P HIG R AR SRR - B K WS40 & HE LA Fagus
hayatae Palibin F§.Z » 415 HSGE P B0 B S - B se
=Ry (GEEARGE) F 1 EEERIFFZRHE  A1 (GEEY

ELH SCo (1874~1934)

HAEMBER - SEEMNEERER -
BEREEMMEIIE > 1900819215F
M KEEMEEMAMREES - 19115F
HR (REEMBIEL) $£146 0 HEEE
HARZEEE10% o LR @ fthFidBRE B
BEMALIELG00FE - WiEA TLEE
MANBEEZL, ©

ST BRS8N AL R A i 7 S e
%

A portrait of Bunzo Hayata from the Herbarium of
Koishikawa Botanical Gardens, The University of Tokyo

FHSGEAIRFERAE ARG T AEEiEyREs , e

The first publication of Taiwan beech in Flora Montana Formosae by Bunzo Hayata
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19364F » B W5e =41 (B
F8) HhFTRLEG B K B
T iU Al -
An illustration and descriptions
of Taiwan beech in Formosan 19
Trees (Ryoso Kanehira, 1936)
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B K BT RE E R LA SR - R
{Materials for a flora of formosa supplementary:
Notes to the Enumeratio plantarum Formosanarum
and Flora Montana Formosa » 19114E)
The original description of Taiwan beech (Materials
for a Flora of Formosa Supplementary: Notes to the
Enumeratio Plantarum Formosanarum and Flora
Montana Formosa, 1911)

Bh) 2R E— e BRELIRA - FRE
il Fagus hayatae Palibin ex Hayata
Kt 0 GG Ry 1Rk HH S B
Palibinff 517K 75 [ (1 88 3 Bl a4 b
PR - Nl - AR8E T IRt
iR ) BOBLE - BIE/KE RS IE
53155 Fagus hayatae Palibin °

RAER EYRGRREED
By TREAAEA - Sl ED
FEACEME— - HEAE YR 2 2L
EMEATIE - BRI FAE Sy T
2k, o HETGE/KE MR AEA

EER AR R EMAT IR G e A8 -

BAEHTEREZ (sp. nov.) MBREATAR Z RS IEBUERAVER L

s (HR A EE HEYIRE R — A BUAT - [RIMAE S K 75 e i s %
HUFEY R ERRRF IR R A R - ROl Gl KB IIHHR = 2%
(I TE = A B 2B H AR E (R AR - 38t = AR T
HEET - [l - fERRaES THsEd - BEE /KT M RAHTHY
YitdE H AR H ARG (Fagus japonica) °

HEBEKE M A6

1y

Ba/ WU RAEI - KRBTV ANGE RS IERIEEE - 3R
B S BR B BRI ~ i BRTE &SR - BRI LR R T
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19065F/NPE RS B RERGE IS 17K 5 Rl = UAT A
The type specimen of Taiwan beech collected for the first time by Nariaki Konishi (/NG )
in 1906

H— T FERY AR - WM E A 3002 /AtH - #iF 1995
o BIEEKE RS MEAE AR LR - Bt
FIRFREZ I E Ry T HRIUEAGRE R, - A EA SR T3
AR ) WEBWEHEYETRRRE -

PRIl 19984F - [] | LIP3 A 25 A /K o] B RE SERRR AL -
Sl 2003FF10H10H » HHELKER BER IG B8~ EAERTIT RS
SR ERE L =B (V1,748 A R) HHT - BEIKF S &HEHEN
EEKEMEYIE o 38— ek E R REAEE R BT = A5G
BHELER - EEEL6AE - FHERIE GRS 200881k

SRR B LTI - FAE 19365 S - oE — fil = R
DUEREIRAE (ENZ20E DUR R S e L8 L2 OB KT

Fagus hayatae
Pa/i46. —Palibin
MERSE -
&5%5 /’Id}/&f&e
Palib. first named by
Palibin.

Fagus sylvastica
Linn. —BHEXE
& 55 &8 A = BUM K
BREBRINE TS o
Fagus sylvastica Linn.
first recognized as an
unknown variety of
European beech by
Hayata.

RBRF i

ErefER b b
BIE TR BKR

Z Bt

Scatteredly distributed
at an altitude of

5,600 japaness shaku
of Chatianshan.

(note: japaness

shaku =0.303030m)
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HE/KEMZ5r B Distribution of Taiwan beech forests
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Taiwan beech distribution
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Four seasons in Taiwan beech forests
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sylvatica Linn.) - 3 DAGZHE Fy @A AH -

7K T B TR IE E A AR - " Phagos ) fEARIESCE THEIZ
R » T Fagus, (UKEME) 1TERESIEIZ/KE RS - G2
PRI HEVER | o TERRIEIFI - AMHEA B ARIK R W SR BRI
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PHBREKSHAPIER —EER (EsEn - 1992)

The list of Fagus taxa used in this text (modified from Shen, 1992)

EE@EEE TR IR 2 KB R EERE EZ e opay -t
distribution area Dr.shen's view General view
5 S e =2 . .
B | ey e | AT (. svarica)
Euope | o ) T Bk (F orientalis)
e ——
2 | FHKEN (Fgrandiolia) iAE L CRGR
America | ot L FRERR (Fmexcana) 4 BPVIATH (7 grandifola subsp
mexicana
[ElE/kER (F. crenata) [Bl&/kER (F. crenata)
HA HAZKE R (F. japonica) HAZKE M (F. japonica)
Japan
A& (F. okamotoi)
(3F : RBEXR > FINREIEEE)
KLk &R (F. engleriana ) KLk ER (F. engleriana)
Sk (F. chienii) (5% : ERKSR (F chienii) #HAR—E - )
Fti7kE R (F. longipetiolata) FM7KE R (F. longipetiolata)
KERZKE R (F. brevipetiolata ) (55 : %2477k S/ (F brevipetiolata)
HA[Eg /KGR (F. bijiensis) EaikEM (F bijiensis) ~ XAkEME (F
China E/kE (F. tientaiensis ) tientaiensis ) #HAR—7E )
B L7k &R (F. hayatae subsp. BEkFER (F. hayatae subsp.
pashanica) pashanica)
=¥ K E M (F. lucida ) =1k S (F lucida)
L3458 Ly 2
T;v::n }Iz:clz )f%;i? ) (it iy s, EiE K& (F. hayatae subsp. hayatae )
BRI TSR (R EESE ) FEMKE R (R L ERT = AR AN )
Fagus sylvatica (photo in West Czech) Fagus grandifolia (photo in White Mountain,

New Hampshire, U.S.A)
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Fagus crenata (photo in Japan) Fagus longipetiolata (photo in Nanling, China)
Bk (BERGERLD Lk AR (RS

Fagus hayatae subsp. hayatae (photo in Tongshan, Fagus hayatae subsp. pashanica (photo in Shennongjia,
Taiwan) Hubei Province, China)

T /K H [ A] F o 2 fE o JE R - B R e EKER (F.
hayatae subsp. hayatae ) HlERHEN S —infEE LK ER (F.
hayatae subsp. pashanica) » 2537 FEREZ @ RITERE TERA - HiEs)H
IR - B R AR EYIAEALEER R R -

REEITEPIER B R RASER - "R M HERIPRAVEEZEME R R - (B4E
P Lnlopky T HiE, B DEAERSEE ) 2N - RBHEVKE

WEPER R B - Sk E RN AR © BAR SRR -
fof S EL LR A /K 5 DR - HLBRERER - SE gk F i R HA
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kTR () AEEREEARTERN (Z£) Rk HAEIHERE -
Fagus hayatae subsp. pashanica (right) with larger leaves and longer pedicel than Fagus hayatae
subsp. hayatae (left).

FYHAIKE R ~ A K E [ bz BRI L/K B [ 535 - ZRERY7ZK
R EVBEAR NEITER S - ATREREHT RAT - BN S T SA ATy B
K - RIA R ERRAIEAGR - R AR R ZBEREAY - 17 H A [E
IKE FRISEMK T T i BREE MRS A -

RIEZ N EE - TDUHZEREH (R RIE) BAIRR i
o1+ RIWKE IR CRO/KRER ~ HAZKER ~ EMAFR)

RERE LA E R ~ SENGEARE R s HA S IR AR SR (AT ) - HER R HHae
G -

Single-stem type of Fagus hayatae subsp. pashanica in Dabashan, China, F. crenata in Mt. Tsukuba, Japan
and F. hayatae in Tongshan, Taiwan
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RERPR O TR » Fos s Ly e 2 R -
Fagus engleriana in Dabashan, China is clustering multi-
stem type.

Tezs HEENRE M (K911
~16%1) 5 BN %E
B (BE/KER ~ Bk
i~ BN
KR ) ZERE R H BEAR
B (fje~12%) - B
7K Tl R A S R 6 ~ 11
¥ IR —EE -

KT el 1 3 R A 3

Py = S i =1l i)
HYIHBEEZHI53 0 © 18
A63E ~ BGN ~ BAFIH

BRI BR LA ET
H268E - KBRS LA
PR HEWIZK S b e
AR AT REZ drofT {55
o BRIRERAEE » 040
TEFE~FERIT R 51 LB R

(Nothofagus ) HIIF-{EH
SERCHRHE T -

FEFR R SR A HEIE - AT IR UK B (Fagus
chinensis Li) {tfag Bl FHIZKE @A - iR EaF
i W SERY /KRB M BIEYM A - /KB RET » ERDgE 2 ik
WM TN 7 5 R R A7 SEIA IS AR 1 -
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el KUK F R > AR IR  RO/KFRINEES S - Bk T -

(Right) Dorsal hairy in Fagus engleriana, (Left) Hairless in Fagus hayatae subsp. pashanica

mIILERE
Nothofagus

IKERE
Fagus

B4k b Jas Bl 5 1 BB AE IS BT (B Peter, 1977)

The distribution of Fagus and Nothofagus species in the world (modified from Peter,1977)
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The timetable for the occurrence of Nothofagus and Fagus spp.

TEFRIN B EHh RIS R TEMSERH B

FEHBFE I RESH UK H7R T R A ERS 5
% BB B RS Y
Record Nothofagus pollen ~ Beech in northern TR T

occurrence in

and eastern China

Firest record of
beech pollen in

south Australia Canada, Firest
record of beech
leaves in Europe

I — | ) || E— || B

and Argentina

PGITET BC (|
(EHEE) 135

Million years

RIS LEE LN TR

Paleocene Eocene Oligocene

tH#e

(i EPeter, 1977FINLAEERE ) (modified from Peter, 1977)

B HERAESE ~ RTSER KT M BEYIL G - BRI,
it I Fagus granulatez » 7K i) JETE P i - BRI BN IR ]
ST I -

®

7K B 1 ok ol P B

TESRVURCHI BRI » 4~ 5 RIGLHTVKIT R HH B R AT Ok N - |2
52K T ] FRAE IR AT R » ARV - KB RFEIE ST
RGBS - HEEE TR AT - dTTRR ARV - S
{754 =g Bl 4 SIS )k o35 | G R i S U BBl AN B3 7 LOAY 4
) o
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TEBKIN B F ) 7K T JR BRI A PSE ) R g
JE@AER s (EERTE R 675 e ST AkIE 5y s AEFE ~ HAEIER
EENpE ] 1 FeaEa i m
Vi1 Beeches repeated Beeches spread noth, Beec!
Beech pollen northward spread spread upward to high upwe
occurrence in and southward altitude in China, Chin:
Europe,Firest record retreat Taiwan and south of Japar
in Mexico and Japan Japan
— II— II—II_
13 25 0.01 4 So far
i Gl Ex L
Mi ( YL )
iocene Pleistocene Holocene
® BT R — KUk iy 2t - ke —EEFRIES - vk ®
TRAD - HBREMAELE - WM ~ SEN R RN 7K 7 [l R AE W) Xt
PIGETR -

ERME97KkEE 6,000~ 11,0004ER » BRIMZKE [ X EHE B
5~ PTEg B LR P EE R E S M AR 71,2008 B - FAFEAYFEE
BIRR 200~ 3008 RZ [ 5 FHFRABIGHZK 5 R 304 AR Sk @ BRI Bl SR
MR EERE 6~ H » [KIHBFH200~30024 R FE F-EL%
AR -

TR PR E 2B A SE T8 » 479,000~ 10,0004ER 2 1 » BOM
FOREIMAEY /KT R RRAREE 2 A BIIERER « BN S iR RAB R
FHECM /K R - BIANTEPEERAYAK I - 7,0004F FTHFRERAE FERD IR -
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R I 38 P

1 refuge
R AT AT WO
Fagus orientalis
RAFE N K F B A
Fagus sylvatica

BN K REAE IR — KUK 1R - FEVKmTEEEERT 11 MR E] H i 4 A o (f£8KH Donatella Magri, 2008)
After the last ice age, F. sylvatica expanded from its glacial refuges to the current distribution. (modified from Donatella
Magri, 2008)

7K AR RN » AESERE R - S ERAT R AR SR - #I4E5,000
R R R R BRI - SRR AR R OEHEA ~ 7k 7 i B
et - SEEUKE M ATEER AR o $eAh - 20FREABeogendth i 1
15005 HiARAE 1 BRIN/KE I - RSB K H [ FdbaE (-

SEIMEYKRERE  ESRINETE - 27K [T 1E16,000~9,0004F- R L[]

AR 71,4000 B SRR AL S0A R - ARt a] 28
B 2 R AR AWM A AR F AT SE N A BE AN A S A B8 /K 75 R g e
T RIBE R 7 2 E AR AL -

SEINZR T R £E16,0005F HiBAAG EHAEEEEFT ) JLAE (- LLBONEE F 1
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T AL, 0004 AT EE HATHIALE - ARRARIEAY A LI 5
FA_EAE7,0005-A M E 2IRFREANREE - AEAILEIER -

SN W AE SEIN A MR SR B A AHEIRY - BIAN2E PEAR PNA
BT INAERY B R » 9,000~7,0004FFiTR15,000~4,5004F-Fij 2 5
TE B R ey AR - (B AR AR R A BB -

BARRIKEE EHA  BE/KERAE17,0005 575045 HAL#E3S°
LURg s i dbHEIE 5 £ 14,000~10,0004F 5l & I RSIGE - W7
PR EEI LIS ERIER -

8 H AR AN - Bl 7K 75 T 8 R Ry P 2560~
b
i

% kB
# Ed

il
b &
I3 Appalachian Mountains

Rocky Mountain
LLIAR

Mountains
TR
refuge

WRFEMNKSHI A
] Fagus grandifolia

5 ® RIFRATAEFRI N

Fagus grandifolia subsp. mexicana

Mk
Sierra Madre Mountains

SR RIFEDKTRTIRE ST REEE T B H 0 Al - (fEH Peter, 1977)
The refuges of Fagus spp. during the last ice age in eastern America, and their current distribution.
(modified from Peter, 1977)
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2308 R (BFEILISERIAER20A R » Bl /K F7E2, 5005 R 2]
#HATLE S o e H AR —HHER St - Tk E 2
H AR BRI R R E R LB 2AE - HERTE A TR E = -
SR H AR 7K 5 R AR S B A S 522

PERKERE EHE o KE MEEYIR7,000~ 10,0005 51 H ERAE

China Russia

North Korea

)

South Korea Wy

Hk

FREER LI

Hida Mountains
KRR T

refuge
REFEEKSHS

Fagus crenata

REEAKERMAIR

Fagus japonica

HAR 7Kk & B E ORI FRRERE BT B i 40 Ak - (fEXE Peter, 1977)
The refuges of Fagus spp. during the last ice age in Japan, and their current distribution.
( modified from Peter, 1977)
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FEE (JbE38e) o SEEIERMBIAIE I E RIR/K S A E AL
77 o (HATRER RIS + BB L BAY/KE A
PRI 5 ek ieee - IRy K E i R RAEE L
#35° LArS R A8 LSE » H: B ARG E s RHEEET1,300~2,000 40 R
AR ALER LI -
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REAER H Ak F - BAKER EIES N ESIES LENIERTY
F. lucida F. crenata F. japonica F. sylvatica F. grandifolia Nothofagus
&HAFH BEHEAE M RTAFE R kukEE Ak M Lk Bl
F. hayatae F. grandifolia subsp. mexicana F. sylvatica subsp. orientalis. F. engleriana F. longipetiolata IF. hayatae subsp. pashanica

AR e S ALY B B 75 L LI B R 543 AT
The distribution of Fagus and Nothofagus spp. in the world.
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ZRINEZRF R CRFERELL > i)

The winter scenery of Fagus hayatae subsp. pashanica

Rtk e Gt -

Fagus longipetiolata

i)

o o 7K i R A AE ST TR i
FROPAIEE, © FERARAY — KUK -
SN ~ BN B H AR /K F R R 2 R R A
T IS S8 Il N SEEEE T » ORI SR AR R
MR (ITEREIE3THER) - 5K
i MAEY) A REEE R AR - oA 2
HETRIAIE 5 Rl S r k& i
» AR LUK - 2 50 AfR Lt A
o3V ABAEVKIT RS AR R TR R
TR - metk £ AT H AT R %
flEl g L -
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BUA R Bl =8k 55 A

fri i ER_E AR /K B AEY) - WK R AT e s - H
Jbki AR A ERRIT 60 HITREL 5 HA ~ RIBUR EEIRI /K F RJRIK . -
MARRAEREAS® ~33° LI Listh Ko 3t 5 B~ S LR Y A
B7kFE R > R ARHEAREEE R L3 »
of o BRINZKF I ~ SEMARE R LU HAS
MBI 7K IBR T o AR LB R
Gh > IR E KL > SPHEAOESIA -

EMRIKBE N AE AR
KA RIS A + T

AL RN T R e

SEINIEED - TR ATEENGE AR A BRI CHEH)
BRHTHESEIN  BRRENRIIN R g e
MR E PR T + B HBAE TN LB - 5
B T — EAE TS » ST R IR I S
RIS AT - (5iP.230E )

SN ] B B IE B Rk R A RAER G M - Bt —
SEAHE AR A AR 22 LR - RenEAEA b REEFM - &
Fy— 25 F BRI AR - BIHEA -~ SERIBOR ~ FEAERE - R
CIRE  ALEA M BIREE ~ OCHERT - ARRE LA PRRISA
7K e S B S B 1y 1 6 B EE ARV R il 2 —

EXMEYKE R BN By AmRE R GR R L R - HE A
ER R — LR BRI + RSB FEARHER - mrgEEE
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eI RAS RS ~ FLERE S
sy A 2 ALl b PRELZF ol - 1
HRE+ B AIEES - fEHR B
Ti7k B R AAE - - FARA
I - (P340 )

fEH s ARIEAI R - it

by Ry B - AT BN R AIRCOR — 5t (A& £ 5 )

The autumn scenery of Fagus sylvatica

600~ 1,800 R M4 =

o MR AR R N AER BT - RIlvAEdb— B o A EIR i
(Trondheim) - TEBEERISF A SEA& B REAS » (H W] HERZ6,0004F
AIAHEA -

EMEYKER  BENAKE M EEY SRS R —HAE 2
KB > FEEAEKER - GRS ST 1Rk E -

H AP R BLTLL (RBEEILLINR ) FEATRIRFRE (L T PEJTRORAI 22
R BEHARE MR FAEREE - BB E RGeS AR
MR > N2 AR eq il 5 1 HAZKE R KBRS - K%
IR ASEE— R o [BIE7KE RER 1 R AR R HIPYE ~ LAY
L3, - WA ERIAEIEEE R FER - FEAINE b - BRIk E
] 2 H A et 8 sth i = ZERE ZERAZEMRE R - 1T S (AR E il
B LA Ry - B SRV BERASEM - (RP.36lE])

SR IR RS oK L7k ] B TR B oK Lk o 2 (R — PR 2
RV - PR AERLS 5 R LK E R R S
o (FEP.42[E)
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s o a
-Tibet Plateau.

a EANTE
Central Mountain

7% i 7 K b ok R £aok i b

!\illountains - Fag;;s]\lzmda - I@agus cienata - Fagus eﬁgleriana _ Fagus Ijngipetiolata
AR R oAk NS =k F B

6inghai-Tibet Plateau - 'EaQUS hayatae I:l Fagus Jg;)omca - Fagus héyatae subsp. pashanica

SO AR TS R S R BAA IR AR (fEX0H Peter, 1977)

The present distribution of Fagus species in Asia (modified from Peter, 1977)

HEH4RKE R - AL NEGR RS - RS - 55
EEEAE600~ 700 5 FHi = IR AR - BEG B SR i
 BCBIEREZ R ~ DI R RIRAEIEMR (ZREEDUE) Ml
TR RE A B RRRAIZEM - /KT B R AR A (BRIRAY )
WA B R SRR RA M L Lt > 200K G7K s B AR AE A b S L
SGERLt - SEFEKE I RGNS 5 RW/KE I Al B2 o016
FOBREE R LM ~ RS PRI - SR A ER /K E I - (HE
AR Y VK EIRIRE - Mg - k&2 AR - e
SRR -
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EREEKEN - B 7oA GE R AR Rk Lt - e
REEL LK R QU AT AR -G AA CRAE W ~ A2 IR E  ~ WL
FIR B~ BN~ PUJIT ~ i e H Rl st - BfEOR AR - (HERE
VA RITIRP Y. 7 WIS i S A E SN PR ) N K E PN
RIS R A - S SR A B - (H 2 A

Pyl -
P bk R
i e | | PR oopen | s
KPGEEGEE | BTk | e | R
[SREIR
53°N
AErstEEm (i) ALTTEH 5 RS
B3 JbiEE
| |
7 e — BHISE |EARESEMSEN) o
is - AT (kHR) tsE &
¥
s TR EEREEER B ¥
RS HEE T E R BEALS Rumepk | OKER > RAEE) AM
(UEEBE) | (umakEm) |2 QAL
T
R SRcE | magy | OO st
WA | (usenmems
(L EKER) | X &8EKEM)
25N £
B | o || B | BNETIN | BN S
il
P— v | FNAR | I - ERE
. éﬁﬁﬁ 15°N
0°E 60°E 100°E 120°E
ENER F B

K R B B R PR R R R P SN A S A (ISR RHTI - 2007)
The asymmetric distribution of beech forest in horizontally parallel sequence of Eurasian and North
afirca mainland vegetation (modified from Zhang, 2007)
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FE AR R R T - SEkE
R A RAEA SRS B B A AL
Wt PR L TR B - [KTIER A o o 5%
EEFEHH TSR -

7K 6 75 B P 2 2 o e B 5

A7k 5 B e B2 LK 75 R B RS Rk R e e 5 198
Bebk o CRRIAWIALIERAE - )

Fagus longipetiolata, F. hayatae subsp. pashanica N [ - s
and old growth forest mixed with evergreen species @T@KY‘N‘VK H IEJ ’ j(HB1ﬁ7J< H Iﬂ1%l[:[j£ﬁ
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MRty - AR IR - VIR R E L LB M S - S5 FTHEE
DR Ryt = T UKTAT ST WM R 2[RI UK A R A R ] s
W 5 SEASERIN PR LR PTER D - SR nE b b Ay s K H Al -
FHRA VKT HISE AN K IR R B R s SE U B B 5 e dMb
LA S FEEUE - BIAnLiE - ZEERILEEE - Tk
ot  EERRE -

TERGFERI M ARRERE I - (EARRERVIEY) — i DIRASER Ty = - iR
ETETERAZER - BT SRS R SR TR N R Rk RN S 0 =
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TEref -

REREFEYIERERF KBRS - JINKE
~ BRIZK T B AT H AN (Bl 7k 5 e AE A bl ey B ikt TER AR & -
177 R R B SERIAIR & © BRI 2R ARREZERI AT - MSE
AR RN S - H R FEZER R B R i) - & TREE Py AR
TASE » (EFF SEIN RSB S R B S B2 5 - Bl & v SERI 3
B R - BT EE A ERKE R - bR TR SRR S
Gh > IRZ B kR SERR A -

WM 7R T AR - AR SSN e -~ A 2 K
(S - FESSINATRTE BE PRI TS - RRRE IR B L BB B
I~ SEAEERIPE] » HARIGEAE R ; (HIE SIS =R
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FEFPRERERYSTE/KE I - B 170 ARH SN - IR AR Pt -
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TR T DL LE AR P SR R (B B mT LIRS UM - {EAE T B
T - KB RER 7 ERETEREZEREE T I - ol ERFERL » Bt
RHYHRRRASERS » LeAMI EMCRRREDT - R o3 AR MBI
- iR LTS - MRS IR 01 - BIBRESES L2

W -

LELUKEERBEBEETERIFRMIER (e Peter, 1077)

The composition of major dominant species in beech forest (from Peter, 1977)

. JkF M & EHFETE4 Beech & Evergreen conifers

EH K E JIEVN: 7 Jb%
Fagus grandifolia Tsuga canadensis North America
BN 7K B2~ TR EHH
Fagus sylvatica Abies kawakamii, Oriental spruce Turkey
B 7K 5 e BNtz ~ BlER BRI
Fagus sylvatica Abies alba, Picea abies Europe
Btk Hoters HA
Fagus crenata Abies homolepis Japan
Il. 2k 5[ & S&EEFAEEHE Beech & Deciduous broad-leaved

EMARE HHEHE [r=S
Fagus grandifolia Acer saccharum North America
B 7k 2 e SERATERE ~ A208  TEZERIRIE Y B
Fagus sylvatica Quercus petraea, Quercus robur, Acer spp. Europe
(Bl 7K 5 T HAKF ] ~ 52 HA
Fagus crenata Fagus japonica, Quercus mongolica Japan
NI S| Bk ER ~ 2 Y
Fagus engleriana Fagus hayatae subsp. pashanica, Quercus aliena China
. 7kEE & F##FHZEH Beech & Evergreen broad-leaved

SN SRR ST
Fagus grandifolia Quercus octoteaefolia Mexico
SELE/R T I SR AR hE
Fagus lucida Castanopsis lamontii, Lithocarpus China
FeAizk 5 b RE R - HIR R
Fagus longipetiolata| Fagus, Castanopsis China
B 7k 75 7 HAH fek At HA
Fagus crenata Quercus acuta Japan
= v S TS - F5)E ~ MEPRE TS =
Fagus hayatae Lithocarpus, Castanopsis, Litsea spp. Taiwan
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7K 5 B AR R 25l Bl

SEINARH ] ~ BN 7 F ] B AR [ 2 7 e A S T T AOR 2
BRI - HEARER A 73 X B TiEE20~308 R - 1 Fh I S i iy 7k
R E15~200 R« ERFFMIITIE - BINKE R ZER~2k -
TR K - AETP B S SRR AT 23 pli3~4)E -

ARES (EHON - AEERHER
Kbk - FJE -~ I TS
A R+ R LB

WP BT AU

(gap) o HEFTHEHT - EHRIENG - 75
LT BB AR bR
R A K T

e~ KR o A AR FLEE @?Wm%lﬁ]ﬁﬁqjtﬂﬁ%ﬂl‘ﬁ € )
BT LS R e -

R Wt 19574 LLBK T IARA B 01 » sy T PLIRH
s, - R M DU R S - B A b B

Yo @No «'or

2L

B TS BRI LIS BT AR (R UK T e )
‘When gaps appeared in a pure stand of F. sylvatica, a large number of Fagus seeds germinated and
grew into seedlings. (white circle represnt beech)
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BN REAR AR DT (AR ERIEDE) HAKE R NEFFLETT (W HARSIRILE R )
There was no dwarf bamboo in Fagus sylvatica forest Dwarf bamboo in Fagus japonica forest

FESEN » 7K T R AR B 7 S U 7K 75 ] Bl s T ] ey m i ek ey
HRE G - LR~ dd R NI ECRSE MR B Y& TERASER B
HERRRA SR R SR EARE » L BT AR B P T B F LR BT

FESRETIE Y HA ~ thE k51 - MO E IR RIR SR - £
B AIREITE < BRI ARMESHIE R - B S AER

FeERHA Mo HELRER TEBIEE ZHeH)
Pioneer stage Stand initiation stage Understory reinitiation stage Oldgrowth stage

@
? <] CR%’HP\
FRPRRITTRE BRI Belia] (A kBt > 1993)

The four stages of forest succession (after Su, 1993)
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R SEFEREY 5 RAR 7K 7 /[N e S M RESsE FHlERTT - (bl
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K RAE T BT - B - /K MR S e RS K

- R A E SRR RS T8 (PIAIAESSS ) SURNT
REICCIZEFA - KA G T REAE g A b SEHT -
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HAMWEE » BIE MR ETT A SRR RS R Z B HE
BN —FIEE - E— R « AARIE R EZ %
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TEIREMEEHIR - RETZAEIRIERHM
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Yushania niitakayamensis under the Taiwan beech forest
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EHFR R - FRAFFRAIKEEFMZEFAR (8 Peter, 1997)

The regeneration status of various beech forest types around the world
(modified from Peter, 1977)

FEAY =
Type  Location

k] 28 ImEIME BHTE

Vegetation Type  Reeererdion Dominant tree  Understory

status

North —HEERAH | appy | e | BEET
%{%I}EJ‘[‘I Fagus grandifolia Good | Acer saccharum no Dwarf
I\Ij[_'ichi n - Acer saccharum IREENE S bamboo
¢ mixed forest Padus grayana
SEHETR T i)
Fagus lucida
HERTHE
B.etula'austro-
SEMTE | g R b e B
@o China 5 g Z:ﬁ Castanopsis chunii
Big A Fagus lucida mixed Bad etz Dwarf
%Eﬂ F‘ ’ forest & Cyclobalanopsis bamboo
inal anjingshan oxyodon
single P
Quercus engleriana
stem Hine 8
Sassafras
TWAA | ks i
CEM) | pur ragus coma | 07 | AN | D0
Japan Well | Fagus crenata
(el forest bamboo
B Bk %
Europe EM}H If = ﬁ%@lﬂ(t RIF | WA Xﬁgﬂ
BRI ure fagus sylvatica Well | Fagus sylvatica no LW
Belgium forest bamboo
e | ALK S
zg China i | BE BiF | RiskEi Dwarf
Multistem e Fagus engleriana Well | Fagus engleriana bamboo
Shennongjia | mixed forest
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During the glacial periods of the Pleistocene, a land bridge formed
between China continent and Taiwan. (after Ota, 1998)
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F. hayatae subsp. pashanica
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After the ice age, Fagus hayatae moved upward by 1,100 m from the ancient lake of NE. Taiwan (300 m above

sea level)
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Taiwan beech forest on the ridge
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B bz /N R R (R DAL EE s R Rk &) (RS - 5D
A small strip of Taiwan beech forest on the ridge (Taiwan beech colored reddish-brown on the
ridge)
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The geographic climate zones of Taiwan (from Su 1992)
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22 47 b3
Wangyangshan Xiatongshan Lankanshan
Aotz & RaER & BEKER v JE 1Ll
Conifer Broad-leaved Fagus hayatae Wind peak

EL B FHA BT RIHIR L BT SR 75 PR b B (i

The locations of beech forests from Dabaishan to Nanhudaishan, NE. Taiwan

R R A R A SRl B AR S AR » HAZKSRIT I - REAERIFRRRRE - (RS
1 &)

Taiwan beech grows on the ridge of the northeast area and the adjacent areas where the ample
moisture leads to year-round rain and fog.
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Taiwan beech mostly forms pure forests on the ridges
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HIKAK (Symplocos arisanensis) ~ &L ARE T (Neolitsea
acuminatissima) ~ 5K (Eurya crenatifolia) ~ EHAE/\FA (
Hlicium anisatum ) ~ BRAE (Trochodendron aralioides) ~ —=3}f4
B¢ (Lithocarpus hancei var. ternaticupula) ~ it /KE T (Litsea

elongate var. mushaensis) ~ Fof¥EILUZ (Camellia brevistyla) 5% - 3&

SERAE L R RE R E K AR BT -

K H
65%

SR (5 #E K T RS - o BRI (R AR v 40 L

The percentage of basal area of main tree species in beech forest of Tongshan area.
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1. Bk & Fagus hayatae 6. K5 /1 Styrax formosana var. formosana

2. EMiiE Trochodendron aralioides 7. SILEHTAREF Neolitsea acuminatissima

3. F44E/UA Hllicium anisatum 8. LKA Symplocos lancifolia

4. =:}f4#% Lithocarpus hancei var. ternaticupula 9. 22K Eurya crenatifolia

5. %k AR# T Litsea mushaensis 1055k 1LZ% Camellia brevistyla

SRl PR AT R T AR A ARG RE] - RIS R MR IR LG - ik
ARANEEE - )

The structure of Taiwan beech forest in Tongshan. (Note: Vertical lines represent Yushania
niitakayamensis, Species are denoted by different numbers.)
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WERRER TR - R PEIRERIAES ~ 104 R -

FEEEERNER $HHE I - HAE S E kS W Ah
RO - 2RI (1,500~2,1008 R ) ~ BRI (#8Hk1,419480R
)~ BERZIL (1,666 R)  ~ BEERIL (FHR 1,369 ) BIKH
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Table The list of canopy tree species in Taiwan beech forest.

S KEW #a
i miE# B WAL | FEW | Bl | @l | Dabaishan | fE
':12:1'2/ Species name Scientific name Chatianshan | Ayushan | Lupishan | Tongshan . EE;;M; o[f);garzg
ankanshan
J\AR HAE/\ A Illicium anisatum + + + Chatansh
B | Bt Trochodendron aralioides + + + + +
AR} B Tsuga chinensis var. formosana +
Rl | e R Daphniphyllum himalaense subsp. . . N N .
macropodum
- HLAE % Chamaecyparis formosensis + + NT
EiERNk | Chamaecyparis obtusa var. formosana | + + NT
R Ternstroemia gymnanthera + + + + +
ZRE RLRLE Cleyera japonica 4 +
BER Pyrenaria shinkoensis + + +
=3 Lithocarpus hancei var. ternaticupula +
BT Quercus sessilifolia + + + + +
B
ARIGHE * Quercus morii +
SR Quercus longinux + + + @
FE¥ERE T | Litsea acuminata + + +
KL Machilus thunbergii 4 + + +
TRt
ik Cinnamomum subavenium +
FEARE T | Litsea elongata var. mushaensis + + + + +
weRt | SREGERK Laurocerasus phaeosticta 4t 4 4 4
% : FonFifRE o (Endemism Species )
NT : S (Near Threatened) » Ry I HHYRL I HINRTAG kg — -
NT: "Near Threatened" one of evaluate levels in red book list of plants in Taiwan
2EEN ERIEAR TS
BUAE RIS - PR AR
fEEH - IKAE - AL - B
Pk ~ Mg BBk RS AR
B R—RHEY - BEREA]
g -
MUK Laurocerasus phaeosticta
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KREELHE  Lithocarpus kawakamii

EFVAVE]
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Lllicium anisatum

ARERH HRKEA  EFEE
B OHEIR - BERERERE
R o8 g Ot B AR
TP - RO _ERIRE R 2T s [F]
B RARENEE -

BENB H&KPEAKR  ftHf
 REFUERE A - B
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REAEF k&K ZEMlEK
» R R Sl ARG E
N R MR
HRAERHEY)IZ — -

it HikREA > FEERE
FEFS 2 B 3E S IR R PRAL T
FEIA > X AFEHIRE - R AR ]
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KLEE  Machilus thunbergii

EIFRE T  Litsea acuminata
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SRS Pyrenaria shinkoensis Bt ARE T Litsea elongata var. mushaensis

¥LK&¥  Chamaecyparis formosensis BAER  Trochodendron aralioides

BRFE WG BEEECIR - FEEE/NRE - IRE R R
» RENRFBHZA AT G Pk -

BUAERF WikEA BEAHROWNTE  RELRNEER TR
PR AR — -

Bt HEkEA ETEEP - ERIRGHEEE - Ryl ok
FEEY) - VKR AR - (EAR H R LR

KI1E KEA - BIEGHERELED - BAWR - EER L H KR
BEFIrRZE 5 R NERERFTA R e A iR ERRIR - S ERE
HAM Z— » BIEERGE -
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EERE  Chamaecyparis obtusa var. formosana

WY Quercus sessilifolia

FRECEE  Quercus morii

B2 Tsuga chinensis var. formosana
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EH:  Cinnamomum subavenium

ERE WikEA  ERBEERIE - HEP S EREE - S
ot - FENRNVIEE - SERRLE - fER T TR > o Anrh - e

=3E# EREA > ERREME - EREERT o THEk D

- RE 3 S E A - SEE A - B T =3,

B Ternstroemia gymnanthera

HESHEE  Quercus longinux

S EHE P P R R e A — 7

HEH HRKEL ET
RAGEE St - ZEARH
R FEEmat - RETNT
B ILREBSHUEAED IR
TFRABEN - RrZig s 2
S RHED) -

=3 Lithocarpus hancei var. ternaticupula
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B AMLTE  BEAX
HE®felbhReE
16 1 COmB IR st ol W T
28 JEHE H R
s | a2
5 o

el ) MIUFE  Hydrangea angustipetala

BEKBEFMATEEYERE &

The list of understory tree or shrub species in Taiwan beech forest

XAW | BmE
& migs 2% BRI (FIEL | BERZIL | S | Dabaishan | gopr
Family name|  Species name Scientific name Chatianshan | Ayushan | Lupishan | Tongsh Degree of
BRI Rarity
Lankanshan
JUIFERE | B/ \ilifE Hydrangea angustipetala + + +
ikt B2 Dendropanax dentiger 4 + + + +
Bk H Ligustrum liukiuense + ab + + +
RER
HAFERKEE Osmanthus heterophyllus + + + +
JKARE} B LA Symplocos arisanensis + + +
FAFH RHE% Viburnum erosum + +
AR} HLTHSH Viburnum formosanum + +
Tk Viburnum sympodiale + + + +
FILALHS * Rhododendron pseudochr h + +
FEHERL 5 R G Enkianthus perulatus + 4 Uv
EEFLAS * Rhododendron formosanum + + +
A A * Eurya crenatifolia + dn + + +
Aok
AL Camellia brevistyla + + + + +
TRt BT ARE T * Neolitsea acuminatissima + + s + +
BiE IINEEF R * Pourthiaea villosa var. parvifolia + + + +
* : FURFRE o (Endemism Species )
UV : 5%% (Vulnerable) » RyirEHYIRLEZ HHHHEEESFRZ — -
UV: "Vulnerable" one of evaluate levels in red book list of plants in Taiwan
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ALt - EEERAERIEARMGER ~
FFESES R

iR HAKEEAN > Bl kL - B2

BIDNRL - FCH HBRAERMGER ~ MoESS
S

AR Eurya crenatifolia

BEH-BE  Rhododendron formosanum

B2 Dendropanax dentiger

EI#EE  Rhododendron pseudochrysanthum
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Bf#ER  Viburnum sympodiale

EILFIAREE T Neolitsea acuminatissima

BB LKA Symplocos arisanensis

INEETORE  Pourthiaea villosa var. parvifolia
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EEMEEE  Enkianthus perulatus

BREILZE  Camellia brevistyla
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BMELEMNEEKSESGM GE/KEWMESEN S mEE S
$1,300~2,000A R » 3 BRI EREAL A H o AR 8 B 1L s 767
Il - AL DARAERLL ~ NE L —fRE - SE2i @5

BEKBEEFEEIRERER S h

The vegetation types of Taiwan beech in the geographic and altitudinal zones

BN #E243 & (Region) %
altitude opulation
(alitude) st eI (population )
( Central Range ) (Hsueshan Range )
TR A. BER—E kT Y F. =3}t M B CRIGRE)
(High altitude) | (Chamaecyparis obtusa var. formosana- — TR A Upper Quercus Zone
Fagus hayatae type ) Lithocarpus hancei var.| (Big population )
B. [E1ER A — ik 7 ternaticupula - Fagus
(Eurya glaberrima - Fagus hayatae type ) TR R
C. Bt D. fEZ R
— Ak [ A —EE K i Y
g ( Enkianthus (Ophiopogon
(Mid altitude) perulatus - Fagus intermedius - Fagus
hayata type ) hayatae type )
BRI E. B la—EiEK w4 G. HEEA HBEMRE T (ZNBREE)
(Lower altitude ) | (Michelia compressa - Fagus hayata type ) | —&1E /K& %Y Lower Quercus Zone
( Lithocarpus konishii | 001-070( Small
- Fagus hayatae type) | population )
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KEFRARER AL RLRYERMTE B - #8441,500~1,9002 R
A BRI ARSI & - IR RER R A RS -

38 WATREE SRl o 2R A A - — e b g B o i b A A
L - DLEE/KE M @ SSaEYInt & - EEAFF 2R g
b BRRR - RDR - e/ s BREAE T - BT RIG
BB — SR ZERTTEVIANERER ~ ATERK ~ Pl B Lk ~ SR
~ EIER - SOESE - BAEERIRAT IR AR - Y5 TERIHE
YY) ~ tk ~ BERRENE ~ AR - S5 U ~ BT
IR BUERE  EARE - TR - SR - B - L3
ol ~ Bk ~ (LRAkE ~ (LS RESE - MIAAERL R » REAAR

AbiER IS EK S AR ASIERE]  Profile of Taiwan beech forest in Chatianshan, North Taiwan
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Sl Ltk (1 5 K T Rl AR AR

Taiwan beech forest in Tongshan area.

TR H AR B AEY) (Acer spp.) TEICERMHR B ETLA
WA o 38 —TEAEY I & 1 B AT AE A b R L R e -

SR BRI ST+ VKT B (MR S B ISR iR » BLIRARR AR R
FERRINEEK A R T2 -

On the broad ridge of Tongshan, Fagus hayatae trees are mostly old ones with straight stems and
medium to large diameters. There is an apparent difference on the narrow ridge of Chatianshan.
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Quercus sessilifolia

AR B KT R
ApA i e
Profile of Taiwan beech

. . forest in the Lalashan.
Plagiogyria formosana
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R R A - EEEMT LM 05 Rid B S AR AT
ONRE - TR B 18 7K 75 i) 3 A Ky 1B BAY R 1 SE RS BV BER
TERIF R AR - (EHE UL RIS R £ R RS -

EMEBTENEEKSREGZM BT LLE2EGEKE MY KRR
Gh o AL SR LRI L~ B e T LSt - i
HHIAEL,300~ 1,600 8 R+ R HIAE/MR40 N E LU N R/ NG -
ERAENER - MAEERE - ANy g -

T P AL R I R 7K Rl AR bR

Taiwan beech forests in the north and south shores of Lanyang River.
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KT REFRAE GRFABEZRIL - 5) BEREEZA GREREL - 58)

Taiwan beech forest Taiwan beech forest
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B\ AR BEREAAEL ~ B L& ARG AR
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BRI RS2 EI 2 » RIS TRy (518K 5 I TR B RE f
Bl FEAE - (JP.58 FfE )

I A T ek

ENE KR R BV A KRR - (BRI 2 — R i
RERRDIR AR < SE 2K Ry /KT AR NS HF S EET T
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Hh R o RILETITRYI R EAE R AR ARIREIR—
18 E BBAAG R AR - e MRS — 8 — At
» (EETER HIALEAGERY © (RFEEMEMEMEEESE 520 RILETTAO 4R
JRFE R A -

BESRANLL - (H3E B — KRN A YRR e A VG AE RIS
BN AEERE E K (Plagiogyria formosana) ~ REEBEERR (
Dryopteris sparsa) ~ fafigiR (Acrophorus stipellatus) ~ {51532

(Viola formosana) <5 »

SNER R R A ARAIAATE Y N - BIA0 EEARsE ~ o B
KA~ FEREILER BB (Tetradium glabrifolium) 55 » {HAIZF
FAREGE/KE R - BURGE/KT MLEM st rhEE DU 2R

RESE M HYRS BRI A ENR - TR/ NTREE - X E
BREEAATHRY  HAERAERME -

KEER B WHIL EaRT s 3ERL - 6P - MR
I AR ER - BEAER -

BREEEAT  Selaginella remotifolia REEHPR  Polystichum parvipinnulum
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BEER M - [RIZEH
T 2 42 bt 5 4 -
BEERU=AE - &
R NHAR A
- IR BHE - SO R

[

BEBER W E
Fr—[EIAAIREZE - 35
Bt —FRERTEL
H—pEE Rt - H3
FEGHE TN E B
R -

iRk Acrophorus stipellatus

fRILthE A EKk B EFMAbEEEYIEFZ &

The species of the herbaceous layer in Taiwan beech forest

B miEs
Family name Species name

B3
Scientific name

Uzl HEEEH

Selaginella remotifolia

RERBREL | BRI

Plagiogyria formosana

e | K

Acrophorus stipellatus

REEHR

Polystichum parvipinnulum

AR P EEL e

Stellaria arisanensis

RAF NI

Yushania niitakayamensis

FERERY (LA

Peracarpa carnosa

FEEERE | ARAEHE

Asarum macranthum

Eea) GEER

Viola formosana

FEEERL | BEILNESE

Oxalis acetosella subsp. griffithii

SR TREEH

Pellionia radicans

G KLIRA ST

Rubus sumatranus

EIEEENR  Plagiogyria formosana
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KRIGHE  Asarum macranthum

FEIUFNT  Yushania niitakayamensis BEES Viola formosana

ELEY  RBaEA RIS - B TR AR R
; EE SRR - BRI ERR  FERRMRE PRl RERAR - {HAE
FEGR iz IR - SER E BRI Tk - Has JIHE A &
SR - AR R AR T - RAOMHA TR - T
HAEYIR A REEH -

ATEf¥ ZHLEREAR - ERH AR > EREEEE - fEh=Hh%
Frigs AT -
BEER ZHFAERA O - Gk BWEREL > feRf
ArH - TP E R O - SRR - &
BEREPR IR MR AR
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BELRER ZHELEAR  B/NRHRIEHETE
Sty T RTRER B4 BE AR ) AR

» RAGARE: - HEER TR - AMEPh
SIS - feH AR SR
FERE TR

TEFEE ZHEEAEAR > WHE  EEINER P
TBZ@JF% ’ Tl’:r%ﬁ%@ ’ EEKE{EE@‘{E‘:{QH@% ° Oxalis acetosella subsp. griffithii

HIBRREEF  HRRMEREAR - SR A EHAAEY RSN L - B
IRERESH - FEFERE - At - el RIFTSEFRF -
RELERTTARNIMBAET - Rfl TR/ -

FRHHE  Pellionia radicans RIS T  Rubus sumatranus

MTNEER & 7B R IS TAIREE LB AL R
S ST R LA S ERAY SRR - RO R R FLRR R
FIARTE R LAY S T E -
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(a) KILFTEER (b) PRI LLIFTT A Rt (c) TEBRMFFITIRARRR T g
The leaves of Yushonia The sites with Y. niitakayamensis intact The understory cleared of Y. niitakayamensis

niitakayamensis
HERRH ARG A RIERSE - 225l (1) LA LS -
FITTIEER s (2) bEEEER LR - #ER G (3) BERERAL
B - JTANERR s (4) BESEEM LR - JT NS -

FEAREUR » NERAEM EREAVEREE T - PIEIIPOR ~ SR
BB B R 2 aE 5 (SRRSO e R S B
FEGRR RIS ITAVEREE T - SR R ILE TS A AR S 2 (8 V)R Y)
AR o

ERA AL - AR LR AL 0 A AR ERA AL - SRS ER AL AR R
Canopy: gap ; Yushania : clear Canopy: no gap ; Yushania : clear Canopy: gap ; Yushania : no clear Canopy: no gap ; Yushania : no clear

B TR AR AR AR W
Regeneration status of the seedlings in four types of experimental plots
(Note: Vertical lines resprent Yushania niitakayamensis)
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HFRERAKEEN ) BEERBESTE

The species and numbers of seedlings in different types of experimental plots

L£EH FLBR + 7BB% &R + Bk% FLB& + TiERR B + R
Habitat Gap +clear | Canopy +clear | Gap + no clear Canopy + no clear
ItE Species & Number & Number & Number $ & Number
@%ﬂ%ﬁanems % More % More % More % More
;;%][J,ﬁﬁ *g'jr | 2 More % More % More % More
HEJE,{}E%S atum 4 Less 1 No # No # No
?2% ,ia%ew-s,yla > Less > Less > Less i No

nensis gﬁ;,%{;;%ﬁ himal 4 Less D Less 4 Less b Less
@,@,ﬁi T % More % More 4 No 8 No
jT:E:l?)choderwlron aralioides % More % More 'ﬁ"{: No SO
%ﬁiﬁjm slabrifoitum D Less 4 No 4 No 4 No

ERIE G ERE TR - SRS i
REHEA - R AT RER K 5 RIARARR
& it CRIACHEARHGI ) 8 » MRIIFLBEA
% R (BIEHTET ) STER (B TE
W) R FLBRTHR ) » ASHIARS
B EFLBRIBRE R AZE » SR
clear SELEE BRI AR G KT /N - FTRE
AR AT THIMAE - BRI IE R A A el

The seedling of

ﬁEE%ﬁ‘ , E%{E?ﬁ,iﬁ%@%ﬁg@ ° Trochodendron aralioides
FEREILZR S (kBRI
The seedling of Camellia brevistyla The seedling of Viburnum sympodiale
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BEK T RIS (REFSIL - 58

Autumn landscape of Taiwan beech forest

ik 2
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G /K E3~4
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W EmAsE A
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WA 87K 53 R R
RERLIHAE - BHIARE

%

Leaf off

SFRRR

Buds dormancy

differentiation

BEKTTRNTEE ~ ZE ~ TR E AP lE
Phenological diagram of Taiwan beech 6/
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IGFFRER - MOARER EREA
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KT R T

Initial development of Taiwan beech flower bud

I3

Terminal bud

&EF
Lateral bud

AR
Bud scale scar

BRI

Buds of Taiwan beech
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The pyramid buds of leaf Jﬁﬁ s @%ﬁ%ﬂ@@@%ﬁ%%@ﬁ
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White villous on the midrib
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TEFRRIEIPRE  Leaf bud expanding and gall

HE/KEFEE FUE8  Gall on the leaf of Taiwan beech
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K ERLEZ Y (BRI - &) Leaves change in seasons of Taiwan beech
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HETE WECFRE 2R
Female flower HBAVTER R HAE
Gametophyte :
The growing
pollen tube after
pollination
HETE
Male flower
BEKERRE
BERRBIZ

The development
process of propagule.

RERENH
Initial stage of fruit
development

PRFABIRE

Mature fruit

EREEASE 2L Nuts and cupule
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Full acorns on Taiwan beech
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THERHERATET TR » MEAT KT MR R -

Seed germination tests after clearing Yushania niitakaymensis under Taiwan beech forest.

BEKE I M - SRR A R I o (IR - 5)

The ground surface was covered with snow after seeding of Taiwan beech.
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FEKE RIS ZEERE Seed germination process of Taiwan beech
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Germinated seeding of Taiwan beech

95

2012/4/18  1/F11:45



BE/KERE AT T SUEEERFER ) RS2 RmEHEY)
& HoEHE—IRHZERIRE - DRI RE A ks - P DA
EFHEFE R "o E o KORIEER - Ay SR ORE A A
PRIFZ » & TR T IEEE/KE R E AR E ~ 2
P - SELERIIMHFECREE MU BRI IET 2 25 &R - WAl
HMATE BB CRE SRS IR AR -

K I Rl L1 e
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The population of Taiwan beech of Tongshan of Nanao Township, Yilan County.
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BERERSE TS H rhaIBRiank# - REHE R - WHIAAEERERPIRR LT -
Fruits of Taiwan beech often start to mature in the middle of August. They became yellowish-brown
and split open to disperse seeds.
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The collectors climbed up the mature tree
of Taiwan beech and collected seeds.
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THVERR (AR IR ) F11.29% » 28tk -FHyEk;

KUK - #4.06% > #EEHERRIH6.64% 25 1L ERIERTE 1]

EEKERMREEAFRE T The mature seeds of Taiwan beech
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SRR R/ - R T S TR - AR AT 12,220k

¥ P THRIE336 ¢ -

2006 £ - EERMARMELBERREN S EKERERNEFEN

Information on filled seeds of Taiwan beech from Tongshan of Nanao Township,

Yilan County in 2006.

25 1#t Seedlot 1 | £ 2 # Seedlot 2
FREERSRS Collection date 2006/8/26 2006/9/5
FRET KR (% BE) . e
Moisture content (%,FW basis) ) )
BEFRE (AE)
Seed length (mm) 748 847
BFEE (AE)
Seed width (mm) 473 518
BFEE (AE)
Seed thickness(mm) 373 407
F/AFHRIEL Number of seeds / L 15,130 9,310
THE (AR)
Thousand seed weight (g) 264 408

SRR T — A B AR 3R A0 20104F » SEE KRS E N RS
B AR S (20065F) B% - it - S EEOEFE
Rt RIR S - HARRK » BRRTE0.3%~37.8% LM @ ¥k
19.7% » #2006 (6.64%) =R » B RBZFEHERENRRE R
o 35 MBI Eas TG B B - 1 B s A TE Bl S B i f S S AH R
 HEER PTRER Ry B AR RN - BUBE B any 3 ALY IIIL R
TR GBI -

20 10EE T REERVIE T-rh > BIE/K T ] & BRI AR AERYRE - AV VA2
SFPEN - FATHER.050~11,588KiAFE - BEIEF AL R A fe R
FiT 2B FERRE 1A (E & IR 2 A -
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B K R 1 PR RIS L 28 2

GEKE MR T A RERIRNRYE - FERA 58S - B85
FHL o LL20065FE FrER NIRRT R B » AHEFT e 1 17R112030/20°C
SRR R ZE - R FIR - TSR ER10.7% - B
SRS EF HBm#54.4H » R4~ 1 2B BPEER S - BIfE
R F IR 3608 » HEEHFHRMHE24.7% - Aifi » BIFAAREH
1% > ATBEEIAH R AR 582 R EEIRRE - BRiE e

TAIBEI PRARARTE

ERETE (KREREEE 8
bR 1 /K 75 ) 1 1 2 KR -

20064F- AT EIETE T-#84°CJg
T2 H R 43 F561.3%

THT IR R AR (10.7%)

M RTT - HETE4ER5EK
B o HW12E FHF IR R R
BURAR IR T - B PLE L
THICEM - KL 4°Clg T2
el H 5k ae 58 2 fERRE E/K & i
T2 RIR -

g T4 Ml H g B % o2 il T
BeHF R 58.7% » JNEH ERE
TRHFREFERTT - RgHE2
flal H B4l H % 2 38 5 3R f 5
FRE FURE TSR

BT

Cumulative germination (%)

0 6 12 18 24 30 36
Duration of germination (weeks)
LA

BEVKEREFERE (O) B4 ClffE
HpEE (O) RIRRIT AR SR -

The cumulative germination percentages of
seeds with immediately sowing (O) and after the
pretreatment of 2-month stratification at 4°C ().
Vertical bars represent the mean =+ standard error
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RIS AT DL T RIRE R ) SRR
— IR DU IR K SRR R R 4°C
B B -

Low-temperature stratification is always used to
break seed dormancy. Seeds are stored with moist
Sphagnum mosses for a period of time at 4°C in
general.

S

A/
N

Germination (%)

fe4eClERH284M H » 5
1 Kk R B T R A R
(O) KVa35 HE
(O) - MEL@73 7 ks Hr
BRI B2 R B
FH -
The mean germination
time and the germination
percentage of seeds of Taiwan
beech with stratification at
4°C for 2 and 4 months. The
filled square () and circle
(@) respectively represent
the germination percentage
and mean germination
time of fresh mature seeds.
Vertical bars represent the
mean =+ standard error

SR

Mean germination time (days)

TR 2 {8 H %R E A AR
Tt o Sy AR i 4 H 1% - M
TSRS TEITEY  H
JEtEksEEOE H % - A2 T
LT A5

R R AMERE R R - i
TREE TS - FT-FEJg A2 H &1
SR HER15.7H - BopfitfE
T# (54.4H) HERIE ; &Gk
flél H #3988 28 H O R R Ry
7.3H -

70 — R
60 | F/T
50 — -
40 — -
30 -
20 — -
10— ® -

50 —

40 — —

30 — —

10 —

0 2 4
Duration of stratification (months)

IR g 7 H B
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HERIREUR - AR SE /K E I - A7 ER AR
IR — B B TR RIRRF 1 - 26 H AY4°CRE aRESS 2Rk HLARAR
M o PEORHRRF M B 7 7 R R M R AR L - R BFRAE3~5°Clg A
AR H A G AEFRRHR o Ty SR 7K 7 i F e BT g A 30 H DL
BRIRHE -

3 TR 75 T ol P B i

BFREBTR/NSIE MEITRELL T R T B e i
RRE 2k A DI, TR BT AL 3KHE -
IERERE T-REMT 2R - E R T & KRR R B S D RF UG TR 5 It
FRAU R B Rl =5 ey i R T B 1P 7k 0 5 B R T 4
R o MHEAY - REIRE IR NNz - S KREEE12~31%
DUNE - R 75 T & EE /R RS I A e

R

EREETEFRFMER - FLUEMERFERERET R
RFFT R AVRE ML - fla0a KT MY S RE %4 /A30/20°C
#)h 0 AERAXERER
D RE30°C  BFEE
RFRE A8/ By ; REIR M
IRIE C RE20°C » X

R - BFRE A 16/)\R o

RV R AR IEAE TR T
FEE

Seed germination test in a plant
growth chamber
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Categories of seed storage behaviors and storage conditions

ERESEENET KR

BT R e AR
. eed moisture content
Seed storage behaviors . storage temperature
when suitable stored
T MEIR
TEREHY Orthodox 3~7% Subzero
temperatures
TR S Y VT B 7KK 35~50% .
EEE Temperate recalcitrant | Mature seeds at MCs of 35~50%
Recalcitrant B S AT kR s ~s0n | NEERE
Tropical recalcitrant Mature seeds at MCs of 35~50% nsslﬂ)?agg or
bk e el il — ks 10~12% 1

Hh Temperate intermediate The average MCs of 10~12%

Intermediate B R B 10~12%
Tropical intermediate The average MCs of 10~12%

>10°C
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LG T MEIEF AN F - REERR ARG - ERTE
BRI 10~15°CH - SRA S ERGET - LHEENF ISR
AR T o (KL - FERAUEE TR T SRR AU, A E R

TR R ) b TR, 28 -

IEREBIRE FRZBR DASRSE R B R -20°C.2 BT
Dried orthodox seeds were immediately wrapped in
aluminum foil bags and stored at -20°C.

T S AR TR
AN sz - (2] DU
0° CHF 3T HITRLEE N ke -
TS KR EHERFAE35~
50%fH] - fEEITIETRAERE
HIIRAER - HOEERIR
HEACU IR B 5 fERERR
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FmnI &K R R REAE
TIEM T » HEgarnlaesE
F1~34F o BT R
T i iy R R A A
M Fz R S AR+ REANRE
ST E AR -
#15~20°CHt 2K -

SRS B A e
R A SARRBET e v sokssmesnec 2
E@gi(ﬁjj ° Temperate-recalcitrant seeds with moist sphagnum
mosses were stored at 4°C.

BR 7 IE ~ RSN T2 - SA TR IR s AR S A T
NBIERERL - JRIEFGEEAL - SRy T o HERE AR
MEEREMEZIE - B T 57K R AR E6~10% M ARG - (HE
RIRRRUR - — AL IR RO & R BTG T IO R AT
TIN5 ~15°C » A REMERFH &Sy ©

HZ PR - St i Ay o [ R A1 P RN (T (e~ 7%
TERPEIAREAE10°CLL &Ry " AT, - MR R A
5eCLURN Ry T thi Y o o[ B 1 o 1 R e L L K]
YIS - ALEREE MEE - AL - AR A4 REER S
SUEAHER » K PR B BT B A7 e Y

—iIME » ER R A AR . MMER - (RIFELE
M7 i IR FERL B AE S CLU T » BN K F¥EZ (Araucaria
columnaris) ~ ¥EZEEF AR (Zizania palustris) k238 580
FE o EREGE R R A 7 2 AN MR GRS
(R fa el Ry SO 1 R IE L (RIS S A IR R R 2
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F10°CLL E » WIS+ (Elaeis guineensis) ~ WNWYEE ~ E1EE
(Azadirachta indica) ~ ZERNIEEHRIELAKR (Khaya senegalensis
)~ KREEBKTE LA (Swietenia macrophylla) ~ ¥78E8E ( Phoenix

reclinata) EJ@NEHE -

KEEBEFRIRFEEE BN i BB i 7k AT T
Fo B Rz seBliRey - HZ A FE - IR Rata ks
I ARG - TR A R R A

Bonner (1990 ) LA F il feh -7 S U T R 2 Gl R 4 T 1778t
DIMERF R IAGS Ay - R EREEE] " BRIEfERY ) - Gosling (1991) HI
LDAGRIN K 75 R T T1E 10% I FE T & 7K R — 10°CRERIRT - fi TS5y
EHEE TREEEY - KGR R BRI - AR Poulsen (1993)
1H5.4% 5 7k .2 Tl T REAE — 8°C » F IR TR ETE 1
TR Ry L E R IR RN » H LB R 2 o 1% - M- 2B
JIAEE » (KL ARAFIRERR BN /K 75 R Ry TERRAY o R EIE /K E
» Koyama ¢ A (1997) #E7K3#R8. 7% T (E2°C » #R24F1%
TGRS TR - [RIM A RE R B IR Y -

RIS IR 2 BB B RO SeAS SR AR H - BRI K 75 e B B 5 7K 75 e
TR IEREY - (HEEIERYEEET T Rl EELATUE » IR RsSeRiTET 22
Bl 2 MR R B KRB RS~ 9% IR - TG I E A TR
RIS » BWEEIAFFEIEFERE FHYER - HE| Pedro and Ellis

(2002) 2 FERE THEHRITE3 ~ 15%F S & /KR » 520~ —20°C
R filiek - DURE AR BRE AT AR IR SR L L IE IRk AT B » Pt
HRERA A B T AR T -
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Pedro and Ellis HYBFFEASSREUR » M2k & M1 REINEZ T - &
IRFRE 12~ 14%FEFEFIE JTAAEA » IR /KRG 14 %3558
3 %I - HE RIS PR S: » S 7KK 3 %I TE B A
SR - A RIEAA 1% 14% 0 701517 - MRS SR e E
A E G AR TR R TRy o 1 H. > E 2 TS kR 207.6~
11.5% » FERIZEE20~ —20°C (BIMAKF ) 510~ —20°C ([E
/K E ) EWREER - e 28 TR - TR
RS - BARERE 2t K MR R Y - HAARFEI 2K
T R i R RS R K B 7K SRR K 7.8~ 11.5%817.6~9.5%

» PL—10~—20°CEi < -

BRAR - WRN/K T ] BB g 7k 75 [ e 1B T BB REMNHZ R 2 4h >
ZF MER AR - DR R R A & BB S IR
LB BRI EFE G HER A Ry LRI IRIA - K > e
P ] BRI A o SR ATy A 1A B
FEAYEFARE (—10~—20°C) -

BEKEEBEFHMEMEE 20065 AT EEN /K WfE 7150
~36fE HEZiit% - LIRS /KR EL G a2 - ERR LR T
GEPALER) -7 K

WHEREREUR - GEKE MR TREMNGEF - E SRl a2 2
6%lkf » KR TIIVIREAAE » B 5 1 B = R e B R A
L5 EERE Bk R NI - 15 DRI 2B R - LI B IE R
RURET-HOM R 220 o EAHHANE SRV TN i 2 T
IR R - AS36f H R - SR Nk s HERE 75K
K (2% ) B (13.4%) W - HRE TS TIEAA B T ESER
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Germination (%)

0O 6 12 18 24 30 36 0O 6 12 18 24 30 36 0O 6 12 18 24 30 36

Storage period (months)

it H B

ANE R (<196, -20824°C) BRETH K (2.0%~13.4%) BEEKE M 7525
RGP o ARG R T RO 25 N R R LI - HORE I i B AR (p <
0.0001) - @RFTEFMF ZIARE R (61.3%) - MiFEAR (fH) 4252 @:
2.0% ~ 0:6.0% ~ A\: 9.2% 5l W:13.4% -

Effects of storage temperatures (-196, -20, and 4°C) and moisture contents (@: 2.0%, [1: 6.0%,
A:92%,and V¥: 13.4%) on the germination percentage of seeds of Taiwan beech. Survival of
seeds with the 4 water contents significantly differed (p < 0.0001) at each temperature. The initial
germination percentage of fresh mature seeds (@) was 61.3%. Vertical bars represent the mean +
standard error.

» ] RS EVKE M T EE MUk ASERE TR HI R IEfE AR
F o

BT RERAE4°CIRF - AERE3 6/ H i1k LLE 7K SRKI6 % AR 1K
REMERAS T o FHIFIM - E7KRE SRR R R A A R 15
ZHERF - BB RIS BURH Gk R 1@ R e A o

K ]~ WK 5 S 1K 4 B T B P T A4
7+ E SR ARERAE ; S0k AT & ARG E 12~

14%If » TSI - (B S7KRE MeEE3%EF - QG2
B FOR - (HARTRE TS - /KRB IR (R 57k
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G HEEL - (HRZERE R A /KR 2% S8k M fE 7 HyE EsEk
—F o BEARME - UK MR T 2 PR RS I R K A -

PRAFBONEL Bl /K & M T 2 i R » 3 AR S /KRR R
7.8~11.5%887.6~9.5% » DL — 10~ —20°CREiZ » 24E %M 715 )]
MR RCAG RS o AMFCHEIREEUR » B /K [l 1 e o
2R B /KRB R 6~ 9B T E4°CH » ARG IR B
30% Kl » BB B 57K 5 M FE7BR T BEREMHZ 2 2 40 » WET
IR AR - AR RS & 2R S IR
B TR TR RIS R F RE L R T o PR R R R A R G HER
AR IERERIRYIRR - FHERHA L2 K I - Sk S RE TR EA
BN P21+ R AEEE H i Fy P R AU 1

DAkl 17 I A OR B 2 Wi 17 1k

/K W T E4° CEREUIRIT AN A - ofE H st 28
B MR - R R R SIL FRT HRr (a el 1 V K o R R A S
o AE3E TyaflE B A2 R e > Ty EL R TR R O AR - (IR
B M E AR -

AR — DR RO B TG ) 2 ] DR RS

KT I T B P R SR B koRAT0% - AR TR
T E4 CHREITT + AEABCRERE R REMES 2 - KU 70% TR -0V )

EEKE M REERE - BB ERAGNWEYIZ —  ARRHET
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JE AN B SRR o R -+ RFARAT 106F P BRI HR A SE BT R A R
T o R - B LURGERE T AGE I T AR R MR TAEIA ]
17 @t "EEWAEY) ) WIREERIETHER - H—HEAR
B LIEEE Ny - ERENS TR ) FEIMRE LI
HRIRTEL ©

BERGHEERNNNE

B 7K [ ERE 7 AR R N EE - 2006~2008FEAEMER AT 5 AL FT
R EA IR DR REEGER - I B4 A RER - LR
FEATIETER ~ BARIENERF - AIRZ Y RAREZEmEC - It
Sy A R s B FREAR AT R B SR e A e e g Bz M A R R
I+ TE2008 57K 600K YT A% 21 i oo 12 3T i A b RS S R R
B AL TR S (IR0 R MEMEhH - A I
TG E RAR BRI A UGS -

[R2009 - 2R S LR RHERRIART LA IR AR T E - DUE
AT Y E RAR IS A B AR B RE - 2009412 H 30 HRFIRARIIZE H

HE PR B

DANBNTE  REERNHEENERHEHNSEESR - —
EHENEEBRSNET - LUAILYEFRIMRAFIIE - #iE
EREFEANERNZERBEMIESREENRS DRGSR
EXENENEESKIME -

110

001-272.indd 110 @

2012/4/18  1/F11:45



001-272.indd 111

frEv s - HBRH B EIGE OR
kY

HISE B AR R = s T
& SIS R A3 ~T Rt T ZER R

AR A3 3 ) 2508k - 3
B - HEERIET~ 14 RRIRGH

TESHEE RIE R T - FHIRREAE 18 H RS R 96% - 181 H 1%
BEZE70% 5 REBHHEROE R E R MEE 2 - 16 1 H %R =R AR
%84% - 181 HERAIREES52% -

FESyEE AR TTH - SRR E A 2 PR R el 49050 - 184
H&H P E i Ry 7.9 5 FlBEH 1 H % PR = 50870
’ Eﬁii“ﬂ*’ﬂ’%ﬂ’l‘ﬁx_ 181l H&RE P m R 9.220 0 - BLEIRGH

VI R BERIR R - B T E A BRI e A E B AE S
pm R B AR R BRI AR - K - R RS R e
A e Z BABE IR FH BE BHEERIRT S A St Toh - HIRERUE R Sk S
W AN T LRI -

EEE AT ALtEY)
IR AR T R A
The seedlings of Taiwan
beech cultivated in Taipei
Botanical Garden of
Taiwan Forestry Research
Institute.
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GEVKE MAMEYINE (BEREits)) RERWN - £ 7
KT FARR M LRGSR BT BNV B - FRA SR T R
REAR THRITE AR E | DU T AN EI 5558 |
PR RS LI FARRE R SR AR AT BRI 2L
YA ~ NIRRT - Hoh DALE SRR S - i
s AES Ll - S SR E DAL Ry R ARSI § e
KULE - AMGERAEE IR - /KT AR AT S
FHEE RS 1R - Ry AR - iy E W ~ e T2EE)
Vi -

B #E 7K T 70k P A HEB P il 2575 18

PR MEEIY S TR - R TRITE R SR - T
HFIRTEED G =k 7K EIRAT ~ 8 L Rt Bl - DURS R D
5 BT RKE [ AR AR RE R BB YR < FRIRIAH ELRA 1R - AR 2L
A E LBV RITE A DU S AR R o T T e B R HE B )
MHIVERL - IMEZTEIE TR FIRGETT - a7 At e aT e
REFETEIS 2 MURVSRIR IR T DU B R gt v - REREERERY
WEEER - SEESHLIROU A Tk - FERd B ~ S acek
A LU FERIFEaRp > ANEAKID AJTRIIERE - R E Bt
BRI -

HISMREENREMENE  ZRRALEYIIITHEN SEIEE 0 TRIINR A EY
HAAH ) TEREANES - ] U SR RC sk AN S B i Sy AL B B T 1k
Y > MEHBYIRTED - WRTDIEE ATT » £ S IH AR A =
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Trail camera in the Taiwan beech forest

AENEEBIY (A AR AR ) RN - R SRR
2L+ BRI -

R R MU A AEEY
LY - SRR RO E] MU AL
BIVIRAORE R - G T AR
B o B EREE - d DU I
BRI TG a8 - ETTIRAE »  #essUliBLAs Sherman's trap

HIATELHSE HNOEKEMHMN MEYIXE - LR EE
it EHEAAE o RREMEECEMNEEIN R - V&S (4
) RAESHENZET > MR T B RIEE S " RS
iCeker 1 o BOREAE AR RIGCRREE ST AME v] DU SRS sk RS
i - ] ROk ERE ~ Wi S TEIYIIIR I - fEE TR
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PR DI 0% - B B 5 AMEER B Rt -

Fenced funnel trap that blocks and guides animal into traps.

B - Bo e RalREE ik TSI AR

k% o RIA]ALERA
BRI S LS )
FRFfE o

DiREH kM T
BN A SZ R
RN B AR
o BEREYFE A
LIES [ Kot ) =i
RS - AEGHE/KE
il FRARRIA 3 22 R
R 30285 iR R

» BEEAE L /K I #R

MO HET T RRENCT TR S SR FEEN VIR & - DERRaRH A H PR — K

KRR -

ATEER 5550 - FERRFE HRE A ke T ATME ) Ba
B o ATARESMEEIY (A0 ¢ REk KR - TRITENY) ) MEfT R R
Woiz Sk o EEEHUE A 30 X 3047 B HeF UK, »+ L3073 Y

B B R T A5 4 Fr
E=IA ST - TR
(VST = b
AR 2 FLBR - KA
ERFEEFTRIIN > FOERN
RS < TR TENY)

AN TR > TR HEC T B SR -

Calcium Silicate Boards provide hiding place for amphibians.
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B K BRI~ RTEE

TR M AR MR Ry T RIRRHZEM - (HEH 2 Bt
/NEARIRA I LTHE R S I - BN HZAGENY - AHE ATREER (LAY
R DRRER S B YIGRRE - LHERRAEHBIY)
» KA B DI BB 3 - A RBUREN B - 4N
D KERGEETSE - (HEERD -

BEKBEBFMAF - KEEFEZ %

List of larger Mammalian species in Taiwan beech forest

B | B8 e 2% ML ER | e | REE
Order namg Species name Scientific name Tongshan (Chatianshan | Endemism | py e ctad
£ Melogale moschata FF
R subaurantiaca ° u sﬁﬁfﬁé'c‘}is
2EN kSTt
wH FER Rl R Mustela sibirica taivana + + Endemic
subspecies
LS T
EES 7 . . .
e = MESE Martes flavigula chrysospila aF sﬁgggerg;gs I
Carnivora yEE
=T Paguma larvata taivana G Egdemjc 111
ﬁ%‘%*ﬁ} subspecies
i
B0 Viverricula indica taivana aF Endemic 1
subspecies
R
B B Herpestes urva formosanus aF Endemic I
subspecies
. . . LSt
KR Rusa unicolor swinhoei + Endemic it
FEE‘%SI’ subspecies
- 7 Munti i mi + + e
B untiacus reevesi micrurus sﬁé‘éilfé‘éigs IIT
Atiodactyla 48} EEEFILE | Capricornis swinhoei 4 4F Enﬁﬁsm I
§ i
3R} G5 Sus scrofa taivanus a4 Endemic
subspecies
%ﬁa WERH | SR Macaca cyclopis + + Enﬁ.ﬁsm 111
REL SRR AL T RE A A AH ) ¢ I WEEEATET DY) - 1 2EmEREEE AT - 10
HAWFET RS BB -
I Endangered Species ° II Rare and Valuable Species ° III Other Conservation-Deserving Wildlife °
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o SR IR R RRMA R A RCEk © 1
O st A E R TR B e H B R
i e deersenbrhe - BRRCER
Wiz BEREGEKE WA RS/
RUEERIENY) - MARVEE S - Ho Al
A HANREIYIRE o [LFELIARR
FIRER ~ BEATHYIEE ~ TERR R - %
T 1 B2 S {8 fE [RGB - (57 352 AR
ovmEmn s e T v o (SIS R RRAR S IR
Mother and cub Reeve's muntjacs 1,20008H » AR+ » SR A
RERIE B LIFERRAELL B AR EhHy BB - [RS8 1 DALISE
R RAVEMWRSHIREE - PR T —1RE B/ E AR -

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEER
RLS MR E BB N LIS BN e AR a0

Serial photos of mother muntjac feeding a cub

BEFILF B TREY ) EEEILE - AKE AR
HEIAZ o RIFIRARMEE RSB - S8 H T
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By - EEE R KRBT - DHEY)
BEE ~ WeF R E R R

BEEFE KT MARMEE kRt

D BRSNS - fSEA KLY M F B B R B S e L
EERARIEALLIZK S TR o S EFFEHE Formosan Serow photo taken by Trail camera
THURAERE S - REREARAR LSRR - T

KR AR T A SRR S E  (etE TIREHIRETE R AGER -
BVEZRGEE S - FOUKE R E S AR R - RN
FIEEBIIE R 30 - FEBLEYR/KF v MHURE AR -

HMRIR BFE TIEIR L o RS LUK R AR TR
AN Ryt » AT E ARSI LK R ARpR R A — s - i
HOSF AT =RAn R TR RO —% - DARERS Ay 7 =CEr T -
TSR LFE BT - 2~3

EEpae -SSR L RS

By - DAy =GaE ~ L

76 o EHAZKTE M FRMRET L LI7E Ry B s B i

SRR AR EY) - 6 LIKE R AR

HRAYE RSB AN RITENE R | - TR
ARERRIRATERE— T — A - PUEEME Ao MR A R R

. - Formosan yellow-throated marten photo taken
ﬁﬂ(%lﬂﬁ*diiﬁﬁ% SCHEE MM - by Trail camera
BEH WRILKERBHEAES - SRS - QR0 RREEER

WHEWIRI I - (B55H 5 TRaERIBR R IR NI - BRi 2
M ARFEGE TR SIS ~ ITEYSCEIRRM - M R r R YR
R% > (HEEDF MR R T - AF MR B EHES -
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HZ A AR RERRREYSS - KRG AS R B Sy 1 2 SR
AT B SRR AT E) - (HBE D -

BERE TRAHFEYI - HE—RERKTE M AR Bk
MK H R ES - JEGERMR SR - SRR SEmMR 5 R
B 1511575 3 6H: ) A N TPV 2 I d B2 S P S G L =16 =% N LS
BHEE ~ TERRE - IR NEEARRE « R Y e/ NUTE
FHEENP)

l I E E E B EEEEEEEEEEEEEEEEEEEEEEEEEEEEETRN
ZERLRL I MR E BHHEAHBEI /NGB Formosan macaque who found the camera

EEME R CEE - R fU AT - R
FIRRARPOZIRR SIS - IRILBORRD » T IERA R A
THEEbR - SR - TR LR M -
JE RS AU LTI (BEZBETS) - AR 12
PR -

BARARE IR JlRE  Ferret bedger

Trapped Formosan weasel
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B K R D R

Ly NIBEA TR B REE ) - SRR ERE RS - K E
FRAMR AN N BRI S 15 PR RN - L/liﬁ{ﬁ(ﬁiiﬂ%
LA/ NRUEREE (40 - B~ RURE) - REEHEARITAY A TS EEMAR

- HEERD - HHRAY ﬁftﬁ%ﬂ%ﬁzﬂ%’&%ﬂ@ﬂ% » Al PR
T EE LR RS P TR

BEKERZFMP/NEEE LR

List of smaller Mammalian species in Taiwan beech forest

S
8 | BE | was B WL | EERL | S
Order | \ame | Species name Scientific name Tongshan (Chatianshan |~ Endemism
BaEH | w2 . . wE
Insectivora REFRH BEEREM Soriculus fumidus + Endemism
®TH EE A B e PR ¥H
i WRIER} | SeiE SE Murina isodon + .
- i
v NEE B Belomys pearsoni kaleensis + Endemic
subspecies
TRIERNE, Callosciurus erythraeus +
i
FAERH | RWIRAE Dremomys pernyi owstoni + + Endemic
subspecies
. i
S| F T B 2 Petaurista alborufus lena + + SEng;:g;gS
Rodentia =5
EEEANE, | Tamiops swinhoe formosanus| + aF Endemic
subspecies
EIEARE Apodemus semotus 4 4 Enﬁ:ﬁsm
EFR I el B Eothenomys melanogaster i
=LA EER Niviventer culturatus + + Enﬁﬁs -

B3R /KEMBMAR R - IR/ IMRF R © &
TR ~ IR R SRR - =Bl RIER - miliE
lEEEERIR - BER - HRER - BIEREROERSE - 1250 - D
VIR T ~ LS  TEIEE R R - st H R D
B ERERE NIRRT R - SRR B BRI TS B
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CREMTERE T > SEREREE AR TEEIY
FHEEREE - KA F 15 18 AR B A 1 B
C KIEBELAEE » 550 - HRVEHEL
B R RNEREY) (40 : =5WR3E - =
IR~ SHEEIE  RERALE)  HEZH
HERT > EELEREVNWHRRETIZ

T BEEREE BRI AEE -

Lo EHRR E A K T R S0 - S LR G L
PR RN R Ryt - (LR KT T4
~ G4 By E AT+ RIS T 7
B E S BB - USSR B
AR -

Y= NS ATETRGEE U )= = i )
WRGT I INUN=REE 2 - R 2 b ALY Y]
> /N B AN R BRSO B~ WA
HEk S PRmaEnR BB NEE - FIE RAYIRIE B H R A
Formosan field mouse hiding under youpy gy gesnate « 2 BB AEE R IR AT
HEAEIRIIR B - ErRiskE R /K 5 R e
CAERCRE - W E R K R R R
7K 75 Rl FRAR A B AR ER 2 -

BRIE  KEH M ARMATE B IRIE S R
%0k ? HETAA ST « BRSO

Bk o K B ARARP G BT /N S (
Rhinolophus monoceros) ~ E1E Kk 205 (

Formosan black-bellied vole
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Rhinolophus formosae ) J&e
HENESE3NE o Nl 0 R

A O S -

SR Lt AR P < A Sl
+ e el A M AR R 7Kk 75
Btz FrREE TRIRE. - FIE
B HABHERSURAIIE MR wate s & g
1%§§ . Tﬁi% 1&%2 f{ﬁ R {:_E_E% Murina isodon hides in the moss for cover.
SUEFIEA MR R R - K R B S R T
Bk o 2o BIREEI R

HIEE e HELRKRE AT RORIEE - HATEAEA R T s
RE  NEHRER - AR H BRI - f28UE/ Ny5E
RERILIARAM A R HEBI Y R B 5 FRAS S /KR R AR A
Fo Tt - SRIRRTEIEERE TR 2 IR HEENY) - (Rt
RERWBEEYE - WOk —AERERT - RHEY) LU
FLENYI Ry ERAIE R B BRI -

B KBRS

7K T AR S AR B B B Y S A A B A A )
P - AHIRIRRE N SE B 7K S AR A T T 55 - ARyt
W~ RSN - REEEREE - AN ARSI R
SRR H IR ZEEVEAME o KL - A A B IAET T RS AERR
ARy - A S H BB ST - T2 TRELL T RLANGR H B AR
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List of bird species in Taiwan beech forest

122

B 3 g% By S EEY | G588
Order |Family name | Species name Scientific name Tongshan [Chatfanshan | Endemism |Protected
e . . R
= AR Otus spilocephalus hambroeoki | + Endemic 1I
subspecies
SR E FEBER] tEEsN Ninox scutulata + I
S TRARER Strix aluco -+ 11
Harkas Strix leptogrammica + I
LT
. RIREEAS Dendrocopos leucotos insularis |+ Endemic I
BIEH A SR subspecies
Ficiformes FRIBEAR Picus canus tancolo 4 Endemic 1
subspecies
517 b £ 5 . i
H‘%ﬁ} H FLEASE [ERHS Cuculus sparverioides ar Endemic
Cuculiformes subspecies
S LS | Arborophila crudigularis + + Enﬁﬁsm 111
< 1 i FEE
W E e Bambyszcola thoracica 4 . fifemjc
7 %E%;:{, SOnorivox subspecies
Galliformes R . i
EEHEHE Lophura swinhoii <k + |pndemism | 1T
HERM Symaticus mikado 4F Enﬁﬁsm I
2 _ LATE
’%ﬁ/ H BER BEE S Accipiter trivirgatus formosae aF Endemic 11
Accipitriformes subspecies
o . Fead
=L E Garrulax albogularis ruficeps + Endemic | II
subspecies
S P2
£HEHE Garrulax morrisoniana == Endold 1 TIT
Garrulax poecilorhynchus FFER
TR poecilorhynchus + + sEIralgpe:gigs L
HER HEZEE Heterophasia auricularis e + Enﬁﬁsm I
o =" Liocichla steerii <k +  |gndemism | I
= . . ESEs]
et | Yuhina brunneiceps aF +  |Endemism| I
LT
gk ik R A Pnoepyga albiventer formosana 4 Endemic
subspecies
_ . PR
NFANGEE| Stachyris ruficeps + S}&ggpegg{gs
ol EEERIEEE | Myophonus insularis aF Enﬁﬁsm 111
#E | T i Zoothera dauma +
Passeriformes P
A8 ; . .
R VARE Garrulus glandarius tainvanus ol Sgggggg{gs
EETE Corvus macrorhynchos A 4
FAGE(INES Aegithalos concinnus + 111
S
PEAINEES Parus ater ptilosus = Exﬁemjc 111
14
m%*’QL subspecies
N . . i
il Parus monticolus insperatus + Endemic | 1II
subspecies
ZRHER Sitta europaea +
e & . ) R
= Ficedula hyperythra innexa 4F Endemic 11
%%*3{' subg;;es
EHIEHR R Niltava vivida vivida = Endemic 111
subspecies
o . . . i
=R HE Pyrrhula nipalensis uchidai aF Endemic
subspecies
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RLH M Bl R R B 0 2 TR G KLAMER BB E 9 15 181 LIRSS
Swinhoe's Pheasant photo taken by Trail camera Taiwan Hill Partridge photo taken by Trail
camera

o B TESHE Ok ) 1T E - DIRTHRE
ReR o HRTARCHRARIERI3 IRE - B T 280
HISZIh  IEDER ER RS BB -

HMESE  PAIAHERHS R /K M AR
BRI B SR - DIEENERE ~ S8 L
R T HE R R R L - (A RS R R R
18 LEHERH R RE DI OB ~ BEE ~ AE

RE R/ NMUESHBYIRE - 8RR T - ESERRRR AT -
H#gu H:Il fﬁ %‘ 'ﬁ . Chinese Bamboo Partridges sleep in

the tree branch at night.

SHEAME HRTRCEREER R H IR TR BRI 3E
BHIESEATE - 20y - /NI A
o5 ERENEESE » FORBRAIEMEE
FOXMRER o 7K W fRpk b iy sl e 55
DUEFFHEBIY) S/ N HEBI I R B
BMERELARSR I DUREL ~ B ~ B
HEBRANEY R -

WIS Mountain Scops Owl
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SRS KB RARMPRH TR
EYEAS T I, IR GE E T
B o EWEES Ty A B RS B R R I
MIRSEE - S8 H B AR B R B 1A
o R EMEY) - BF TS
1 ISR ER/KE MR ENES
IR i HA Y A 7K 75 ] AR A A e b 3
w5 #S  Thicket Flycatcher E , ?ﬁf?ﬁ% o

IBE HRAIVKERIRM - Tl
HIRERIGNE - sELSIEZ2RE
SEF S RS - HINGELS
FERER]N > HE Sk N AR
KA IR R - KR
Hig » ARHER -

EHS  Vivid Niltava

il
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)8 Taiwan Laughing Thrush $IHEI LI  Red-headed Tit

&

fihfEBYE  Pygmy Wren Babbler

E EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEER
LA M E BB BRI AR BB 2 I R AR 2 T

Serial photos of a Owston's squirrel chasing a White-throated Laughing Thrush
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RIS,

‘White-backed Woodpecker

FEARS RIEAETENGEKE MR
MEREE T RERIRE R RS A > Z2IEARS
REERIUR ST - B ECER T ARIK
KRB HRREARZF2EEASS, o MR AEE 7]
TEE5E 2R MO R 2 B R R T IR 288 HA Yy
CI—A—N[ B - e LB S R i
PRI R AR PR LA/ N P
ISWSe Vi-iNEZ i

BT BB A R i i

GRS AR HE 41,500
NRELERIE SR - H &SR -

FEFRRERERERE - WA FI AR SE T T EE
& o R AR EERRER Y - DURRESIRAMIER - HH SRR
PR REARR Y MUSERE R - 40 - SREF I ~ BRI - BIffg
FEHE RS EVEMTSE - 38 LE IS TARE YRR i By N 7L
SRR > SO IR EN Y B s HEENY) - AER K TR

B ERELkEEZFMEICITESI YA

List of reptile species in Taiwan beech forest

B LRyl MiER == a4 | FE8
Order Family name Species name Scientific name Endemism |Protected
pre . . FfeR
FIHEAEE Lycodon ruhstrati ruhstrati SE{}SESS%?S
A N
B ' s
SE Y Achalinus formosanus formosanus | Endemic
subspecies
" . Pseudoxenodon stejnegeri :
HEEE | RSN RAERAEE | 0 s Enjosm
Squamata i
. . . .
R BB AEERAT Ovophis monticola makazayazaya SIl;:lr’lsdpeenclilgs 11
TREBTTHR Viridovipera stejnegeri stejnegeri
AEETR LT Sphenomorphus taiwanensis Enﬁﬁsm
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e NREHYIR RO B ERE S -

TSN ERGE R EREST
EY) - BRI B IR A - 2]
N 2,500 RUZE A iR Y T sk e L1
EERRAR - S5 AT B - AR B
B BRI IR DL R - FEARER
(A2 T BB ELR BN B -

K [ RRAR AIME— Er e 2 A
ERE S TEB AR TEEEY) - 1
R B K T M AR T A Y/
FHEEIY— MRS ~ RE - 1k
Fefs Ern B H A - RakHAE
FHYBIRE LR A

BREME CEERAIEES R
» AT R R RIR R K400 ~2,000 2%
RN » SR B R
W » HATEE AL Sk &
Rk > U R AR LA 7>
fHRCHk o LR SRS -
AP B S BB R B

BEIREE KT M ARMIEE R R E
B feft 1R A HEEh AT > K
BHYRYIHIE - 1038 LEtr ][RRt Ry

TREETF VTR R ERIE -

Chinese green tree viper was eating Sauter's
brown frog.

HEZZRFRAE Chinese Mountain Pitviper

G Formosa Odd-scaled Snake
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HEAZ ISP IR (3ElY)

Mountain Keelback

FIfEFERE Mountain Wolf Snake

BT Taiwan Alpine Skink

H SR E RV - HiaE
R e R Y T AT B DA A oy 2
7 - RS/ Bl #EnuHh - R
WS MR S - 03
AGHE T EEEE P - Rl

ERATRESE HiTM o SR
» 7K T RRAR e — SR AR
WERE © EK T R AR A R R A
KEEIGAEE - RIS RoRH g
RERVB A EE -

Bigfeit Din e - H5EKE
W RRAR AV AR e —TE - (Kt
fHEle N BEBAEE - REAEER
IEE - Sl G RS - 12185
ITLEI TR -

BB FEIH NS Rk
T P AR RHE—AY IS - R R
FRPRIES S HusRARE e 9% B2 S S B
» DUNIRIRE B R B - TR RS
AAANE3, 00040 R » FEHBAE/KE
RIS SR N Bt ALES I FLBRZ
Hh o R EhYIAHRR SRR o JAEF]
PN EE RO T &) -

2012/4/18 17F11:46



001-272.indd 129

5 FE K B R R I 7 S B R

EEKE AR T HERAERF T ERRHVERST - R T ey iy
M/ IKGTAN » AR R - [KIELATRESE Bt R AL FH A 5 P
AR o TS FUK SRR - 1615 DUETTAEFER i (40

ARTEIREE ~ RIEER) o TERLMERS RN JEIRI AR By (40 - B

FEECET ~ FEOW) MR LIRS - R BEL AR -

B ERLK S EFMEIRERS YA

List of amphibian species in Taiwan beech forest

E] i g% ] A

Order Family name | Species name Scientific name Endemism
A . . , R

AR Kurixalus eiffingeri Endemic

subspecies
g . L. Laze]

” iR} T K AR Kurixalus idiootocus T .
H2H B AR Rhacophorus moltrechti o

Anura Endemism

IREERL RIERIRE | Rana sauteri
R} T Bufo bankorensis Enﬁ,ﬁsm

FIFH R _ERURHR ~ R AR TERY R - AR R AR
R BNV EA BRMA ~ B - RisERd ~ ISR - BE

HEARMEEE ~ B2 -

iR SURSERRIUERK « i
FEHTRREERR > HY7K R AR IR BRI
» (EAESER Y LA H R A
R - (BT M AR 2
RENYIRE - B UK S AR
B DB R FERAMIGHTT R AGE

kkﬁlﬁl’j’
AEEE

& o

LEEEIE S

Central Formosan Toad

129

2012/4/18 17F11:46



130

001-272.indd 130

HefEIC/RIEE  Sauter's Brown Frog

WERAE RAEEIEE
FIEERE > ZAETE AR i
FIRPL RSN E) - BIHSAE
B MAER - b
MR R 2« SRk i R
MRS RIS R B
FoflEds - REIEREIR R L
(R

SRt BARRERURGE TR - fE/KH AR - SRR
MR R A RUKATRIT se FLBR - iR (A RBETE ST - KA
F A FENS ML AE AR R R R 1R - (ELIR LR = BE 28 T B RO 7k

AT L

EAEE GERAE - BE
Faeh ~ ARHEALL L b Pt - 42
TR - R~ 8 H Ry Eilg
S o TR B AE B T BB BRAE
FRREC i B - HE IS - (5
g PupEilEE - KRk E
o I deE 7y 2 MR VR BEHE R
NEeRE DN o K E AR
FRRE 7K A Y8 i 2 T R A e R
bR A SN -

EREME oo mREZGERAEEE - SRR
S b - BRI A BKGETEE) - A TEVEEE T o BRHEKISS 2

PRI AT R f

Meintein Tree Frog at sleep

PR
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ZRRRE NS FCREE  Moltrechtis Green Tree Frog

HYGHE ~ FREREY L HEMIGIL » AR S CEIRS B - fE/k 5 R 7k
P - 2 BER A E BB SR R K B SRR B T AR

B R R FR A H S R B P i 8

BN EE E R ~ JOK R AR - RSO AT
TG PR - SR KLIME H B IRAHEL i e R R P AR B A 2
R BAMS DU T e A A e A A SR I ZLE R S e TG Bl
M Bz R - (R H B E ERBIIRER - T LUK K H W bk
WNRBIYREENE > Ry © HATME ~ BT R & R RS B A B2
3% -
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BiTHEEY KERBAT - HRERSERIEIY IS ERRE - S
C R RUIRRE - BEENERG ~ S LGS kBRI
& HERBEEE - AR RS -

"ITHENY  KE RARM PR TR BB DU T N B ~ B
TS BRSRPHR B AR TR BIPHAA I RO R - 228 H R SEATHE
R—RENEE) -

BYETREESVEY DU - FEHERE - SEBT LR RARN
Yt - AR ARG S BERTE B Rl Rr B2 - H AR TR BIRY
IRRE

—SE P Z= B PG Bl

KT FRRARIBIS B AR - SEOPEF YRR AR - 2HARN
JBR > BYYIRITEEN NG VU s ) - TR B R -SRI
K A FRMBI BT AV SR 208 - MAEIIIIVYZEE) - JR52

FINFEIRE RIS -

B5F BYIWIKERFHRA -
FEVUARIRFT YA B IR
RoeEIEME > DAL R
WIRRER ~ BESE ~ SEEFILEE Rl
TSI AR BN 25 LS B E
B o FAREAIRGHT - B NCTTHEE
HHBRZHIFH -

HRIUZE  Muntjac in summer
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ORI R

Crab-eating Mongoose in autumn
B
Formosan macaque
BE RykEMFRMERFRIRTET - 2 BEm a8 - B - -1
KRR LRy 2 i R A /K 5 R AR -

ME KRG RARMAOBIYEE) - M E AR 2R -

£2F ZEASFHULT RS - SE/KE MRS FRE R ERe

AR - DL MARRAYENY) - BR T IHZLAE « S0 AR EE S B IAR
EITEE SN 0 %
BCTT HH G R FE 3
EREBIHES -

AR A R L

Formosan Serow in snow
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BT K 7 R R M P i BT R A S I 5 ACHE IR W - — il
GREA U2y ST/ P W PR A e ] L N TR =
KT AR P S R B S Rk P T Bl - mTHEEE H AREEAI 7K
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HIEEILIEE 7 8/ AR AELE IR B - SRR R 7 —2KE

B KT BRI R sl 5 ik

BRI Bk T 7k 75 MBI IR B & - THE5R ERFSRS i f S il
2 HA - E i ERGC 2 E 143 INR B Sk E W (Fagus
crenata) WIRIEVEFoad » 3STRIERM Ay R - U3 VA EE
7K F R EE HAKE M HEE Rss - Hh AN ZER/K SRR - H
ARWtgeE il - ER/KERARRR D - thgtearmen 2 lER
o R HA SRk M RIEAEE D - BN SER A FI Bk
FH/KE WA R - (HI23E Lt ik Rk & M YR -
/KT LB ER A B 2~ P HARHEY) -

(B - PSR RRZ A RRIEE - 8K AR e
FHIRZ ZORE » [RILE 5 S B SR A VL 5 1 /K 75 e ARk B A o i H &
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KPR LAY B B » IR TEIRERFZER « i3
i LT AT IR L T - SR - BRTENRZTERT -
B R T SRR ERET - LUK L2
BB A -

g O

AERFRELZ N ~ S ~ WAIISEE - $9 T DI R DI E R
FHAAET 2 MR /K M tE R R - HCAR9S Sl S 7k B R )i B
R R () AR - T DA SR RE AR A
HARIRFr AR R =B et - A BV SN S iR - EEGE
1TEH TR R R B2 e BE R A 5

T 5325 M K 5 Bl ARk R s A

BRI EE P AR RS B - i L e 5 A RIHERCA
FEFEMARR RS BRI Rt R A B TR ENEY) - R AR AF
g o AE MARIIEA -

oS AR A 7K R PR R —{l A EAE YRR - iR
AR AAEA L FERE A - 200 > B BRI Al Ryl A Tt
» REPNELG BRI SR BRI » 72 IR A R 7K ] g3
- ANEEGERRIER T R Y - (SRS /K S AR L bR
FEBKIN ~ PR s ALSSIMERTR - fRHE < TR & -

SANFIRT 2 B RWEY) % - /KB RBEF S RaM MRS
BRI - T B TR BV RIFFIA - FF 2ok E I bRy ERE - $t
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REMRREUK I ~ R —AYHEE - EREHPMALVKE M2 ER
Jifit o WEHE R OO R - FFA (R IEAEERESR R B AR
ML o LR - ARE MR R FRRE - B —FEIAT
LA E S A o

HREMEIKERRE SRS - A/kE M A RAhE

+ 7K R B 2 BB T R AR R A HE R o RS - TR RRKE
] s M RE A L - nITHAYE - HERGHU/KTE AR H A=
BARMHEHEER - n DERAR N RaE R S h S -
it FIFE RS S REa ~ AR LSS - Ef5R ] L
AT — LB DAY EE AR A o

MRS L F AR SR YRR A fmieny R H BaE R E 5 (
HOSTS - a Database of the World's Lepidopteran Hostplants ) Jz—2&
FEBASTER » FTDARTE AN G2 EWGN ~ el - ZEEFSER
PRI ~ R Bk @2 B /K T I EE Fr S AR - 9 AGFEAYZE
B RIMAKER F - 582 LUK RSO F FHEYAVE R - A
HBIZRANIFE K -

14%

7% ZRM
polyphagous
B/t
oligophagous(Fagaceae)
BERM
monophagous
79%

467 I AWM 7K 75 B o A ek 1 B PR Rl ] - ORHARRE 9 i 5 A H R s 20k
(NHM » 2007) ©
Composition of lepidopterous insects associated with European beech (Fagus sylvatica)
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EORHERY IR RS - TEALSEINEEIN 258 8 6T IBER 4 & HU R A
HISEMKER - Al R K F e - MR E (2R
) MHEEES - WEF SRR - ERREET - A HE
& R E D HMOARBIRRME & - BIANE A5 ST (Lymantria
dispar) W ATBMN /KT B L B9tE Rk ia H B2 el s
» Kifg4otd - (HE H P HR/KE MEEEAERZ - HREST15%
TR/ N TS - HARR/KE I H s fiAJE R EE - 1
HR 135 BRI/ M RVREEE - CACsRiE RN 1437 -

BRI B HRFEK T ) Ko A A S R M 5 | R s R B YR
2 BRI A=K - (S ERARE - AV S R B SR
REFEIAE 25 BT UK 28 S P AL ER 2 it (HUZ SRR L2
FY 2 B LEBIOM S ALSEPNARTG /[N » tHEF - B/ B A S By
et 2 A2 L3 - KR ST R EE A TS ~ BEARREE
HEZER o ARV S o EERREATHRAGE — D RARE -

30%
’ SRt
polyphagous

42% kR

oligophagous(Fagaceae)

ERM

“'monophagous
28%

QO N B IEH| A 7K 75 it s H AR /K 75 il 2 St R e g e R e - Ebr R it SR H R
SR (NHM > 2007) -

Composition of lepidopterous insects associated with Japanese beech (Fagus crenata and F.
Jjaponica)
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BT EACE - SR DI BV si iy 2 AN R Rl 1 v
PRAFHIKE AR - A0 SIEEARRHE - I EIEGEZ N
BRI AL E BT R A ISR Ry 7k 7 I B B AR 5
o P H EEARE - EE bR AR SR A I Sk B i - R
Fref B/ N RARAEAL G L LI 3825 R/ A — Bk TS R AR
TZER - KOOSR RS - HPa A2 kS ML ER
HEEYHE -

BEKEEFMENEETL  SRERIE BESEGEKEN
PRy B i - ik A AT VHIRU R B 2 — T B BB 1T A i Es ta 2 1y
/NESGE - HEBER G TEACEH o IR TS AR, (
Sibataniozephyrus kuafui) o &8/ NGEIELGE AT A 20115 BE R MR 12
TS REOGEE - Bl R R R ELE - SRR AERG G AR BHIRE
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SriEE) - KGR B iEE e gs J e H S AR Rt /N o ERA
TR EEAC#E6,000 % M ik - HAA HANE LRI (S.
fujisanus ) FeHREIIER IRHEIRIGE (S. lijinae ) DI/KF @YD R s
FAEY) - P S AR IR R 2 B H IR A -

S ACHE M A el e 2 FEC 5 /K PRI PUZRAGER - pRIRAE
SHIERFREIALR - AEEEKE ROEE LS8 - A ERE

AIETE - g1 EE? AR VEROIERE - INARIE ARG
EOKE AR N > SURIZERGERE ~ FK - ZFRIRHREMR - 1B
ﬁﬁjﬂﬁﬂ b - MERR R S

DIE#EkE M R E - A

IEE DGR L R RRF LA ZH Bl 5 1 7K
AR — 2 NG
s ARV Z L -

BEAEARERE K - (TR

AR RIS R AL B /R R AR h RS R R
Sibataniozephyrus kuafui — a rare hairstreak butterfly inhabits
exclusively in the Taiwan beech forest

AR/ TS T2 L5 ACHE IR IS
Larva of Sibataniozephyrus kuafui depends on soft tissue of
Taiwan beech for a living

FERN BRI/ T R 1 L5 ACHE IR IR IR

Egg of Sibataniozephyrus kuafui is attached on the twig of Taiwan beech
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R RV LB A

The life cycle of Sibataniozephyrus kuafui

WU EN) AE A K TR S /K B I VAEAE - KRy - /NSRS 7k
HIRRAREIBEZ I - IRA SRR s b ZeaL - BB ACHE RGN
VR e S 46 o Tt sl G

HE L RIBHRFERSR - Sk TR N &
PHIEESENH - BIRAESE IR S ACH I IGAIMEDT 371 Lt 8 H Al
BRI AR /KT BRI » 1T HIE M W R ST B Hy i 7k
BRI - HAFAEE S A IR R B < HEERN S A AR E
FA R LIRSk M AR — 2 KSR R b =R - S0
bl FTHE Ry 5 ACHE RIS B ELREREFT -

BEZEERNEBRBEE—RH LTEREGE/KSM AR
BAKFIELE (Catocala spp.) 28# » ¥ EE M ARFCERAVIEAE - ¥
Al ERTT AT RE R BB LM (Catocala nubila) FKE HEE (C.
connexa) - SCHUMAYITIERE © S8 2fHEIT 2 X an R /K G M BE
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eI M BE B2
LRy Sy —FE -
SRR ELBRAIEAE -
An underwing moth,
unrecorded in Taiwan, was
reared out from Taiwan
beech.

WEMML - i H¥EZARREA -

EH LB GER "R TREIER - BEEE RS
B - HERNSE SR AR B R AT - (KL TR ARE
TEEEIE o AEHA - Al K E FE R ER D - EASR T
KRwe&W -

EHERREOKF M ZEBSTE
—fQ MR E 2GS - fEPYR
ST BRI E - HffTA rTRESRSR
TRIAIFETREIG# - K - STFRES
/K I AR E e R IR A R
 ARTTREANE ACHE IR » JRUKI]  fEBEk b AP 0 LSl i - HLT

BIRIIMTIEBERL -

oy SEE AR

fﬁ [E] —Fﬁg?ﬁﬁfﬁ Larva of underwing moth found on foliage of Taiwan
beech.

SEPSUR A TIRIEA - MERRIR A DU - (BRI EIRBOE
FEBRH > INIEA SR - HATE 8 - GE/kE I L2z
S % DAAIBEE P R e - BRI BN BRI R REE 2406 ~ TH - 38
QR PR - T R B ROR DU — 2 LU AT -
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HEEMES RT5IAFEENEKBIRIEkEEBLS - il

2 o A E A D B DMK TE /K B W AR AEF N B - Hp—HIE

TER Ryt S - TR REEL H AR /K [ A1k ( Quadricalcariferia

punctatella ) AL - ZAEAHEHG RS H AR A - 1 H2EE
H/KE M R R Bk - HREfEE R
BHS N - KRG A BEEsE -
HIEEE - AT1E H AT ek RAEET 2
J§E) o

BEAN - bt ZE R D5 2 S g R

CaloptiliaJg—7HH » 3% @A R E

Wi R AR RS - BB OR AR R a2 A E—  (BER
K - -

A notodontid caterpillar found on Taiwan beech. It ﬁi@@{ﬁﬁﬂy@ﬂ(%lﬁZ%ﬂﬁi ’ TE:

resembles Quadricalcariferia punctatella in Japan. AN
fFE -

2010 2 RE/KEMBME  FTENES - ZFEKEEEEKEM
il - B R MR S e i - HANR T B Shas P REEY B HUAR
7K S L E /NG, (Pseudopammene fagivora) AL o /K E MiFE
/INFSIBA S R e i 2 H AR Bl /K 75 [ Rl A7 i B Y i

H A 7238 1T R L FETIRAAR R - HERR H A A /K W45
HRFAR —KEFAUERG - R/ M HIH 7K R B/ e
B —TEECEIE - A0RGE/KE T Ay NSRS & H 2 7K
T NSRBI - ARGk 7 ] A BRI ] RE AT
SEM B R -

BeAh - AERAREEE - /K R B/ ST e ie & DU REET T
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S B2 /K 5 B 58 Fr RESE IR L Caloprilia B
A gracilariid moth in the genus Caloptilia associated with
Taiwan beech

FEEARAR (prolonged diapause ) ——
A2 ~ 34 ML - DIRIEKE
MIFATERTE S~ RAEAEER LB
o BIE/KE MM E ~ REFEAL
SERFAEAYIRDL - R R 5 1 7K 75
Tl AR Sh eI F ATRE N ZE AR
RIS - RSB AR T SR

Larvae of seed-feeding tortricid moth
on the seeds of Taiwan beech

A BEKE NS A TER S

BEEAERE/KF AR - LIS EKT MR RN R - WIERE
HPUKE I Ry R - thRFFZRER MY E e £
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I e B/ T ] e L LR iRy
ek

Larva of Auaztellodes arianus, a seldom seen
drepanid moth, was found feeding on mature
leaves of Taiwan beech.

HUEARE - EATEEGE/KE MEK L - RS RE R -
BEEAE G /K E [ 2 R 7k 5 ] B M e EoAth &7 AR R fR %
o BN » BT AE LAy B 5 8 /K 7 T 2 g B B L SRl (
Auaztellodes arisanus) * ZEERA A LAY - CAIHY
B3 AV Bk 7 ] (R R s S R B

i BEAKERMERE L BE RN ERE RN 2 R
IE S o RIS —L 5 - A - BRI - Bl B (
Calliteara taiwana) ° 35 CIFETFF L REMEIEIIA - B8 - M H

JE A THBR R B TR R & R - ST

A lovely tussock moth caterpillar Calliteara taiwana on Taiwan beech
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ATRE—E A AR K = ZEIH B AT RERY
Ry EHF GE/KE MR F i - JE
R IR LI R R & - BIAE TR
( Palitisa cervina formosana ) 5 eif-#
T o fufc PR Z #E TS - RED 3
RSB R~ SRV - Pl
526 (Euproctis spp.) $ak{iEEA4H4
WS - R HR2EKE M AEE s R - &
NZdsEF 2 KRG RZER -

Larva of Palitisa cervina formosana, a large eupterotid
moth, may consume many leaves of Taiwan beech.

K3 B 1275 T BR8P i

EEKE MR LR EERBRT 2
RETaE R - GRS &k
ARG - EH AL BRI
% - TEENEEAC A s B R R
EEKER FAYEE - 2Rk
I R AR — RO S /K S R - Z2EL
BB IR T NIRRT mvsilia el SRS Ak TR
IR - KB AR R AL - éfftfyéf:irious caterpillars with urticating hairs
KR _LREDN 5 A Lo - g were also found on Taiwan beech
AT E EE) ~ KONEE K M RIRE
b DI—fsshamiy A emA o 38 B AR T s A a B I 5 T
5E » KLk 75 R 0 s A E A S - ol fESEIK
HREER L - HRTEAREED7TREAREBREZ 808 o HSTHR
H A RO SR /K 7 ol 3 B e 2 3 3 1 Ml - wT AR
R Y a2 Pt 2 AT - i AR -
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53 KT R 1 e sk
ped s

JKF MRS 152 Rl R
CANRA >~ BAE /NIRRT 0§
FEETE R R - A RN
BAESEA - FERISMEASREADH
RKE A - FIAIHAD
HAE—EER/KEMIEARI R (
Dolichoprosopus yokoyamai ) » &
Wik "T3avY~e S AAIF
Vo BBER TRIIRESER
o s fH R HATH R H AR AT
CAEE AR TR, -

BRI Gk 5 R Y 2 LI B -
HETFTARL D - (HEDEREH
W R 5 K I I BRI S S
FRMRAE RE R P 2E AR ARG AR BT
% FEUEHER KA EEERE
HER > P2 e B - f£H
A - ERIAERFS AN &

SR IZE R E e sk

A variety of cecidomyiid galls were found on Taiwan beech
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ek e SR T R R S Sty i e P PR i

A weevil was found boring in a twig of Taiwan beech

» RAFLHAN KB IR T fokt - Hh DI R B R OGN
RIS M (Platycerus spp.) B3I ATEH - HfTE T FiF%
A B AR B M AR - Shad IRk BRI - B - 3R
HESHE aaktifE IR B2 e 0 AT AR R i S5 sy 7K R AR eh > FE G
HATAlEZ AR -

AL ~ (HEBERLEKE R AR R 8

T8 7K T R ARAREEIR 2 DA /K 75 ] Ry 2 By Tk, - {H
PR AR B ~ S - AEE R » PRI HAME AR - PR
WHFEEAMARAERE IR E RS NEAR - MR &
EIUFT (Yushania niitakayamensis ) J¢ HAUM S AFEY) » 38
LEYIR R T % e IR IE - H R Z I -
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Rz SR A TSR ER A H el - B LR E KT R AR L S R A Rl -

Horaga rarasana is a rare, endemic hairstreak butterfly that may be seen in Taiwan beech forest.

FERTLLISE M) e AT 2 5 i SE

Larva of Horaga rarasana is very cute
with bizzar appearance

FTRL LSRR MR AT RE R — P50

Pupa of Horaga rarasana looks like a bud on
plant
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fIERfRIR - BERAWEER A - HME Y& EEYIATEIK
A (Symplocos macrostroma ) H S5 #/K F M4 > KIELES K
i [ RRAR LR 3 B A RE RS

BE/KE AR NS TTHAE EiT 2 7R R - HiERER
[ESBEIARIE ( Zophoessa siderea kanoi) » FRARHUE [ RIJF A] 2500 %2
R/ NBERA A& (Neolucanus sp.) e

B H A R B SE SR 7k 75 ] B sdAH I 7EAH L - ik F I Rk
FHABFFE LB AR D i B » H A R BRSS i S p i 7y » U
KBS =R BB S T HERAFF 28 « IRANTEH
LA - MR T - GEpE R B - GEVKE MR XS AR
FELLEE E - FFEREE o BhAh - PSEEGEK T i R aHikZ A

» BR TS AR DR AR YRR R R S DAL BRI
2 BEEAFIE DAL - RERMTEE A NEY TR E
HAERRHEEIH T -

BE A D R R

Zophoessa siderea kanoi is rare in Taiwan
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ANF IR ER B TEAN RN A R s 5 R B 0 A 2 1T
BEHITEIE @ B8 RE R AN AR B TRE 5 fi—
8 T i LA TR R S A AR R R e E (Pt s
S B REE YR S E IR - BURYIREAE AR
SEAF EFRRERAYIEE - BTk S EEE R Mt sery H i -
SUEARRT B 7 R B Atk 75 R RRRAI R 0% ~ Sk
W] [ I DA B IR E (R SRR S 5 A SRR HE RIS - T
ek e & B MR RO e -

g

TEKER - BIRAZEAKS - & RS EILT R
RRBTT - (A LEfn A AR - HERIEIRE A BEERE
BRSBTS ERERESRAURES - IR ERVIREEEE D ~ BHIRGLE - T
B L E R R A A o

e A3 ~ AHMRFREIRAI EEREES] - (FHIAVEIR S
KFE - fRAJREE A AN AR —ERAVESE - FRRFEIKE S Eicky
TEHRAIIRF M » 'ERIIEMIZEZF G (Rl R S e I T R, - el B
s Wt BRTOASEZ AR - A THAVHIIR MIHE AR rsE (el R BT
moky TRk - AETRURSEEL b - BRSEPHIHZ AL - T2 RIEAE
FRAAE LA INER - S RS - FTBIETIAEEE - ih
W —LEFR A AIIESE - E EARL AR A B P i AL i e
o —BRT ~ SREWARS rJRE R LI _EFRYZMAUIE—lEPIIR - B E
AR TR - shiS R P HT - (HILRE R r R -
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RIS NREIF TS - GEKEIE4~6F A HIREE - &
TR EBRCRTE A ARV T A W S - Gk E ReyE
FE LB EIRRE - BB T IR AR < B aEkE
ALFERIRIN > RO ER AR T iR -

—EPIRER AT ELHG R - rTREBRE HA R AR -
TELEPZRRIERINTTED - BB MRE R R R (e R 2T -
RS - FORIGEER BRSBTS s - i PR
Wi - WATREE FBIRIEIF T - LB ERIERIRITED - HERF

ERE R - DR RN A R TR -

AREERFIG et — L RAG R (8 5 R e T vkakile - 2 2k
Frie H AT TS BRI E - DUREME R 51
K T R (A R T
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fHEE R A 7

REARER 3 AE VRS S DNAFTIFF » AR RFEHIDNARAR
MERE o TREEFAEEERR - B ARERREF PR I S
TR > IR - REA R AR IR EE KA « SR1i - BR 1 #EPE AR JERY
fEfe 5 » PR EBSAE R R BT HEY | - DURCAN AT EE A /Y
RS T o mREL TR TEEEE , -

AnE ARG IR 2 E - R EeZ FEEUR TR EAENE
B TEAREEBUE - FERE ARV - 38 2 B R IR A R ALK
RHAYSEEL » B3 Ll HE B Y TR BR B 2 FR A P AR B A RIS -
QSRR (B B RS - S EER BT TRl T -

EESMERVFIE  FERRHE R A B R AR E A ANE
AR ] DURIE W 7y » B Ree Tl ME ) RS -

DAFEAREEEE AT » 25 AHBYIRREAIB Ay e B e - fEIPRE B
— BRI - BROTRA SR IR RS SR - BERIE RS
I BIEFT A BRI B TE AR - ZERRTBE D - QIEAFTRTHE AT L
fHEF R AR YR AR B EAVISTE - IRMESUPRE LR —
SR o E I L USRI ZE - 0SSR S n] REE IS i s [F] —
A - i R HARRRSE » S FEER R R Pl &rte T Wi st AE
VIR R -

AR - AN FEIMHEAYREHE B A& NFEPRE - 85 SRl En:
» WU A — VRS A RIEREE B ERIAE R - BRI R R AL
TAEANFEERSE N A RAERS 1TREE H LEFF A E - LEAERS AR
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s AR B EERy N - IR EREE AR RAVIEMRGE B LEEOK - [
BRAYEEIRAUAEAN R B M AR EIRVPRERIA - TRy T AR
TR WWRBRRAEEY) SRR AT DL o AL - BIBEANEIAY
TEYIGRHR ERPRE R > Bftb A e ER E EEMMEEE LEa
e

FEH RS AR B ARV R - S R T Y R
FURER o RIATEYIR RIS - S EF MY LHUCE
e EHRERE (heF2BEmaEk - AP R fLIT e - fEA
s AT RELLH T B BT IR AR (THR MR - B9 - 3
EIRIEE ) LI - BRI EAE AN - RIE RAEE
ERUE R B IRIRTR - o T i R E RR ] R A
S -

EAEASIATB AR AR - FRAEE TR - BT LR
fffIEAEER "L, - BEE - ARSI L — B E
BERNATHIB S - RKF A REE FTRE TP B (A RIFVAE © A
- AU CARICHHE - A —EGEEYRPRE LR 2R
» BERF - SEESSE RN TS R YR -

EEMFERERER HNERHEPRERTS - EREREE T
» DHREMEE B ALK - HA BN n AR IR LR - IRBEAER 1
LS LERPRT - A ErstE) o AHHY - DUREAN B EEAY ALK o - 5k
G BERF AR LI S BB S o ERE I IRTHACE - BRI EAE R
KR FEIRLE - FERGSR EAABERE o iR m i # % - 5k
I/ BB R LR - REFWE - EEE RIS
R LA R - BRIFERIER - SR RES - Al
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AT AR S

R 7 IEVESERE - AR A A AR TR B SR e R K
- Rt — A fE R R AR AR ol 2 s Dy 25 B - ARG
» FERRE A —(EfEY) (S - EMWERRE A G52 2t - 2
A LKA - G T R SR TR BRI - kT DUEE Y A A el S
FRIESL AR BB AR - (Rl U AR - K auhisE R
REAESL KPP LSS — By TEMARRD ) ZRIMCRE AR R -
RIS LS E HATRC A ARG R - BT LB 1 P R A5l
% » DUBSCHERGIERE A B IGR 8 (8 AL T - ST T A (b
ST -

ORI ZRTFTR - SRS EAIRE RS ] DUHE Rl R e R P B RT3 0
B © iR SRR A A AR S - N ESE YR A sE (528
FEE T S A RN - Rt R E R A -
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QNIRRT AT 2R IR » 5 T T RE B A/ VIR - 40
RIE—REFUERE S - BE NS EAKRNRE - EALRER
/DIy R IR T RE SR T A RIE(E REHE R Z
P AR AL - AERIRERS S Bl ek 5 (BRI » (R LAY ESIA]
RE e R AR )y » MR ARG — R AE (RO -

T i s o] DU ER M - E e IR 2
JE - RRELERRGEGHY DEEES ) ASEITHITE T -

EEIFACAVEEY  FE M TR ERBIERAGR - T DGEE —
(LR AT - DUETTRER AT © e R8T R PR
HE MY BA PRECH R EAYERE. - B R — (i LR PR Y
EHATEED - NEEIE H AR - S AR R LG —E
AR B BEREE:

Hal - YRR (R set - R T Z2DNA (B
W) HRPSE RV AT — SR ~ ek R EE S R
HIFFH - SELEE AR FY AR B ~ B - R R a1 B ST
FFHRIIESS - Mt EZ B =52

il — RSB RHER AR SE L - A i = —{E R
LR RIS EEAIH TRV o KL - EREFNEY
s L - BETIRLL TG I #EUE . (PCR-based) HIJT
RIS ST WAARFZAIERIA T IR B AR ) 2
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TTIREBRE T - RIS A E H G E LER S I IR Tk
% > HEfGm EHAEREENES - BERRFTTHRRAEA - Kt
AFIEFTRYIREEREH]

R MY IERREI TR R TIIIT R i SRR -
A T 2 AREA LA RE U AT AR - 220 T 3R, AR
B PR R KR e A L R A SR A CAR AL - [RIERT DL
TEHREEED Y SEWEEYIRER B - IRIBAFEY)
MRS BN B AR R - f R TR ) - A —A%
ATFRELIRT SR EL R HE AR T e, -

TERREE BT B . BERBATR A LE AN - LT E B2 2R R
FESEFTRORHE AR - ST HEG R e BB AR LT ~ SRR
A~ EESEERGRET - DUE TR R TEEREE, A TR
e ) CEREFBLIRRE < FRIRURUGASRE ) - AR - Rife AR T
it - FrikEAE AL T REIEMEMRRM | SO HELKIRHE EER
S\

=
=

3 ’
o
J

TSR ¥ ] 3 5 52 S 5%

7K ] SR AE ) A AR — I8 S SRR AE (RIS T TRIRY ST

HRZ - 2R ERIGERGEE L thEEEE DI © Shen (
1992) EJegt At Ay K E W BEY R P REES T 2 /0 FERR B
AR R A SR SE - RIRTPH E 198022 1990 » CompsFF
A (1987, 1990) &M [RIDy SR TR K RIAYISE -
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7Kk I 8 A SRR BT ST T Lo e g 1 — {82 7k 75 Tl J
TEY)Z FIRIBIRRERTR ~ EAESCSHRINY RIS - DURPIRE Z IR
AL R S o S — el i th 2 PR AL R B » (B2 3 EAE ]
—VIREANE R EIRRTSE L - RIEERTZEE 5 R JRRRAS s I -

K AL R AR B — A/ NE - AR 10~ 13EIE -
IR IESE ~ WM R BREE - —fiRaERZK - 7K [ B A VI8 Ry /2 i
SRR IR AAR— 37 o (HEAE A MR In I TSSUE Tk iE
rbcL-atpBEFEK|RIFFH S AT - HAGRAREEN - (g LE B EGC
b AR R AR B AR S RHE IR 22 SRR - BRI B B
FRARIRGE » AN/ (] Ja 25 TR E A AR

SUIERZIITS IS - 7K F [ A B R Ay 2 B (
BIERFE — BRI L - e FE AR ) - —fikdttin - MERKE
R A8 2B AP S V2 o A AR b - (BB BT S AR AN -
LA K ZHIHIREIDRL » ANt B AR EErh - 7k H R fRRE
VIR e st AR 1 AR TR 5L - talEas - bR 7 ANEIREEEL
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ST R SRR 2 A1 - KR o sl /K 75 ] TR A R iz K
2 NRRELRER] - FARERRR TSR - AT AR
JETEY) 2 IR FraR AL » TR EREAY AR A » IR BB AY
Ry DUEE A SR e - IR Er T ik B2 - JKE AL
L S A -

KERBEMERRMI  DIHBIISERERAGR - K B E
PR LR PRI BR R - DRy P o P s AR RC A A SR
RoHTEER - A EE RIS E AP JE AR R - R
[l BRI R IR - AEELETFErh » oA LEAf R R L AE R
ATEH R HEZRR o

UK @Y 338 (24 Manos and Standord, 2001) » HrE 1K R4 43 07
BN -

The phylogenetic trees of the genus Fagus (modified from Manos and Standord. 2001). The
position of Fagus hayatae in the classification is still uncertain.
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Manos and Stanford fE20014EE5—RFIH T 313 RRBHR o 25>
Mok & i @Yy - MM T oM EEE - e 2fE e - DAEITHE
ffukZ ITS FIEERKES rbcL/atpBE Fr BAIRRSE » St AR WA
SN /KT R E AR INAIiH L © AN - [BIE /KT ey 2E R Al s
BUERR AN RN E - SR Bl /K T R 1 P A8 S AR L S8 22
LA I e S T A S R PR s A A LB T - BB Bt
FNAYZK T B - BFFE43 0T EE R Bt /K F e YA S e (s 5
F7AE -

S R R EEEPIT SE T R AR A - E20035- A IR
MITSFESIET T/K 5 [ O ~ LK RES Y 70 1 R B S it
gt o FEsE AR ge - MATIA T e TR Gk E AL
AKE I - SRR T HAKE M AISEZKE [ (Fagus lucida)
o AEiEHR T - MR IESERY SR IR AR BE - 1S
K AN LK F T AT AR B 1R -

Denk =2 ARIHE20055- 4T 1 H AT I AR 7K [ B AEAI3E R 00
Bt o AFHER T 43 EHME S - 1520143 06MIREL 1TS FPoIHETT 24T -
R LEERE TS T ATE CHUKE M 28R - KRO/ARFER (Fagus
engleriana) ~ HA/KE ~ B/ G ~ JMKER (OMn =1
) ~ BkER ~ RAPKER ~ SEZEKER - FEONKE
ZBIE A RIEE] - HIMAZITS HORE A 2 B PEAH B A A5 - DIE0R
AR IIATIEH R HE © Denk S ABfERTASGRFEE AR /K 75 1 88 53 Fod K HE
 (ERERF AR AR - AEREREURENL/KE I ] fERZ /K F i
JBHIER RIS » ARIMSETARHE » ST /K E MATAE

AT EA R R BN LK T M A S /K R b Al aE R AN ElE L
32+ P LA ATAS SRARE A AR
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RIAKEE
F. longietiolata
SEKEM
F. lucida
KoK E M
F. engleriana
REKEMH
F. chienii
BEKEM
F. hayatae
KE A

Fossil record

R iE R E R TE IR - BT DS ) — B A G — K & T &
TR Bl PRI BUAE BRI PR ET -0 AT - ARt IRHAREL -
50 FH —fis 3B AR RO A MUY T i LR A £ - KRR R 22
AL T 04T -

ARAAEERG /K ] g T DR I 52 5T /K B R AT LK
B~ Wik SR (Fagus hayatae var. zhejiangensis) (234
Rl L R A il - (H/ N B E 38 R H B T LK 75 ] oy [A]— Rn
) S BR A W ) 7K 7 ] SR AR ) o B BR PR U — (ER R AR IRRE

+ TR AE I L 2R 7K T e Py e 4 88 o By 15 18 /K 75 e Y e e 2

rhER ST K R R A e - HR SR R s K R - (dE Cao., 1995)
The population distribution map of the five Fagus species in China (modified from Cao, 1995). The ones with
blue asterisk represent the populations of Fagus hayatae.
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The phylogram of Fagus
hayatae populations based on
microsatellite markers.
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MR AR YIRE SRR 2R REAHE  The alien invasive species will disrupt a local ecosystem

#H#% (UNEP) -~ BIFREARKEAR
BEEABERHE (TUCN) KBEEE
RS (FAO) 1T "49%
AR, o RN 1992FE B S Bl
P 0 1993 IERAER - 352
IR EVMZRENIREEE
FL[FIBATE B — 1 4T -

WERENGE PENRE LA
Ry TR ) B TEIMRE

AR S BR T ~ IR EEIIEE - (I
P R R LA R PR )

Forest reserve area can preserve local natural ecosystem
and provide the function of research and education.
(Photo: Chatianshan Nature Reserve)
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MEEABEFTH B S S B AR ol - SERERIREY5E2,0000E 00 L -
Taipei Botanical Garden, affiliated to Taiwan Forestry Research Institute, is a reputable educational
center with a plant collection over 2,000 species.

P A AR B AR AR R Ry B EEFT AR TS EL A PR A AR Ry
Nanao Botanical Garden grows mainly native plants The cold storage house of Taiwan Forestry Research Institute

preserves mainly the seeds of forest trees
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, i E %% &3%3| Education and Training
- Y ik 1@ Broken corridor
AR RE M EiA] Monitor

- % M4 Bk 38 Linear corridor S FHEREF R T KK R R LI
[ 44 % Buffer Scientific research or experimental research station site

- .
|:| < #5454 F) & Sustainable use of areas T ki &4k M) Travel & Leisure

FISRMEH#E () WAVEESIEIE (f£20E Asian Development Bank, 2005 )

The proposed programme map of the protection (reserve) area (modified from Asian Development Bank, 2005)
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Ecotourism in nature reserves
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Carefully
preservation
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The trade off between rational use
and careful preservation

Trails of ecotourism
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IUCN 7k & B3R MIE R E

Fagus spp. on the endangered list of IUCN

) FHEER} Red List Category & Criteria FPEFRE
)& Species  —— - Year
S Grade HRRE Status R4S Version | Assessed
BiEKER 543 Vulnerable o
=¥ % 54 .
Fagus hayatae | (VU) D2 & VR 2 1998
RIAKER =en
Fagus %X Vulnerable Alcd 5% ver 2.3 1998

(VU)

longipetiolata

it 1 5525 (Vulnerable,VU)
— 3 FEREAE YT IS 0 B R U S/ MBSy » (AR 53 i o A AR U M A o
# » SRS EM o WIGARERMEEE L — *
AR LU — S IALR D -
LA 2 104E e = ARHHACP - MR T HIR B —TiBiEE ~ TaAY « HERRSURKEERI H R =
DL T50%
() ELIE ISR
(b)3E S R
()3 AR ~ TTI S TR Bt S B R Xk B e
(&) RSB ERIBR RSl
(e)SZHMIHH ~ HERHE ~ I ~ VSRR ~ i H AT WL 58
DB INSURFR AT » WA FAIEIEZ —

1 TR T A REBAH < IR R B 12 1,000 o

2 JERHRIBR 3 A AE /NI 100km® AP o G B A SR B A A S = A2 R E (LA IR R AT
F % NGB 578 1R B EE AR E DR MR AE L

ULNERABLE (VU)

A taxon is Vulnerable when it is not Critically Endangered or Endangered but is facing a high
risk of extinction in the wild in the medium-term future, as defined by any of the following
criteria (A to E):

A) Population reduction in the form of either of the following:
1) An observed, estimated, inferred or suspected reduction of at least 20% over the last 10 years
or three generations, whichever is the longer, based on (and specifying) any of the following:
a) direct observation
b) an index of abundance appropriate for the taxon
¢) a decline in area of occupancy, extent of occurrence and/or quality of habitat
d) actual or potential levels of exploitation
e) the effects of introduced taxa, hybridisation, pathogens, pollutants, competitors or
parasites.
D) Population very small or restricted in the form of either of the following:

1) Population estimated to number less than 1000 mature individuals.

2) Population is characterised by an acute restriction in its area of occupancy (typically less
than 100 km?) or in the number of locations (typically less than five). Such a taxon would
thus be prone to the effects of human activities (or stochastic events whose impact is
increased by human activities) within a very short period of time in an unforeseeable future,

and is thus capable of becoming Critically Endangered or even Extinct in a very short period

ERIZIE © The ITUCN Red List of Threatened Species

HHEISEE A GEKE RN - FIERZSIAERBEENY)
R E G - BBHANK CUEBEERTFLR) AERERSEEERA
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SEAERE TR E B LR E R -
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The Chinese Nationanl Nature Reserve with Fagus species
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The Distribution of the world heritages with Fagus species
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$RETR  Lindera erythrocarpa
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BRI Chamaecyparis obtusa var. formosana
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Taiwan beech (Fagus hayatae) is a relict plant of family Fagaceae from
the ice age. Its forest is sometimes called “summer-green forest” because
of the deciduous nature of its leaves which fall in winter and re-sprout
in summer. Since Taiwan beech is the only species of genus Fagus in
Taiwan, it is designated as a rare-and-valuable plant and protected by the
Cultural Heritage Preservation Act.

In Taiwan Fagus hayatae is distributed mainly in two areas,
Chatianshan and Tongshan. The Chatianshan population is scattered from
Chatianshan to Lalashan area in Taipei and Taoyuan counties, which
was designated as Chatianshan Nature Reserve in 1992 to protect the
ecosystem. On the other hand, the Tongshan population, the largest known
population in Taiwan with a total of 1,100 ha, was discovered by Forest
Bureau and Professor Tze-Ying Chen in 1998.

Nowadays, ensuring the survival of the Taiwan beech forest has
become a challenge because the global warming threatens its present
distribution on the mountain tops. Therefore, the project of “Biodiversity
survey and conservation regime of Fagus hayatae forest in Taiwan” was
launched in 1999 to conduct the 3 year-long comprehensive survey of the
ecosystem. Through this project, the habitat was surveyed and monitored,
the population variation was examined, the ex-situ seedlings were
established, and the regeneration mechanism was tested.
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This book describes the discovery history, the vegetation survey, and
the genetic analysis from the 3-year project. The specific biome in the
Taiwan beech ecosystem are also introduced in the book. A conservation
strategy and a protected area system are proposed at the end to provide
the Forestry Bureau with fundamental information and for further policy
making considerations.

The Forestry Bureau has been actively protecting Fagus hayatae in
Yilan area and will implement the design of Taiwan Beech Nature Reserve
to protect the species. Hopefully, through the various protection efforts,
the isolated populations of Fagus hayatae in Taiwan can continue to
thrive.

Finally, on behalf of the Forestry Bureau, I would like to thank the

principal investigators and the research team members for their hard work
and efforts.

Director General t l{
vy Is
Forestry Bureau, Council of Agriculture, %’

Executive Yuan.
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Prologue

Tze-Ying Chen
Precious relic plant

The value of Fagus hayatae comes from its rarity and academic importance.
Among 13 Fagus taxa around the world, some taxa are widely distributed in
Europe, eastern America, China, and Japan, while some others such as F. hayatae
and F. mexicana are narrowly distributed. All these relic forest fragments are well
protected by their respective countries.

The forests of F. hayatae are currently distributed on the ridges of several
mountains in Taiwan. F. hayatae subsp. pashanica, the subspecies in China, grows
in Gansu, Sichuan, Hubei, Shaanxi (Dabashan), and Zhejiang (Qingliangfeng).
The genetic studies have shown that these fragmented distributions of Fagus
populations belong to the same species. The genetic variations are not sufficient to
infer speciation. These two taxa have narrow distributions and small populations,
and their regeneration is difficult due to a lack of seedlings in the forest understory.
Therefore, they are national rare species and also listed in the [IUCN Red List of
Threatened Species.

Located on the border between the tropics and subtropics, Taiwan has a mild
climate favorable for the growth of hardwood species which naturally form the
major forest types. The forest of F. hayatae, a deciduous hardwood forest type
typical of the temperate area, is a rare type in Taiwan. In the past, some scientists
called it “summer green forest”, a similar name used in China. This species
migrated via the land bridge in the ice period of the Pleistocene, and became
isolated in different locations when the land bridge vanished in the interglacial
stage. It’s a valuable example for phytogeographic studies.

Within two million years, the glaciers had come and gone many times,
eliminating some plant species, and making some other species migrate
between the refuges and original habitats. Fagus species of various locations all
experienced the effect of the glaciers. Fagus species in Europe, America, and
Japan expanded northward after the ice period. By contrast, F. hayatae of China
and Taiwan reduced the distribution by retreating from the lowland to the mid-
altitudinal ridges and tops.

That the plants became isolated into different locations due to the glaciers, or
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ascended to the mountain tops due to global warming are the phytogeographic
phenomena making F. hayatae the center of academic society. With the ongoing
global warming, F. hayatae is also the important reference for monitoring the
changes in plant distribution along the latitudinal and altitudinal gradients.

Rich Fagus forest ecosystem

The forest of F. hayatae is a unique deciduous hardwood forest in Taiwan. The
overstory consists of mainly deciduous F. hayatae. The other companion species
include tall tree species in the overstory, and shrubs and herbaceous species in the
understory. similar to Fagus forests of China, the forest of F. hayatae is the mixture
of many evergreen hardwoods and has the dwarf bamboos as the understory
dominants.

Taiwan beech begins to break buds, unfold leaves, and bloom in March. Fruits
ripen in August, leaves turn yellow in October, and leaves shed massively in
November. In the fall, the ridges are dotted with golden leaves shaped like a golden
giant dragon coiling around the mountain tops, a view beautiful, spectacular, and
breathtaking.

The same changes of leaves occur yearly, but flowers and fruits appear only
once every 4-6 years. The masting years of Taiwan beech attract many animals
including insects to feed on the seeds. Those falling onto the soil either germinate
or lose their vitality after a few months. Unlike the temperate species, this species
cannot preserve its seeds in the seed bank.

The forest of Taiwan beech and the neighboring mixed forests of conifers and
hardwoods, mainly composed of Lauraceae, Fagaceae, and Chamaecyparis spp.
are the heavens for wildlife. The wildlife inventory includes 21 mammal species,
31 bird species, 5 frog species, and 6 reptile species. The photographic images
taken include Formosan Reeve’s muntjac suckling and Formosan yellow-throated
marten preying on Formosan Reeve’s muntjac. These valuable images will increase
the public understanding of the secretive wildlife.

The insect inventory includes 83 species and 27 families. The majority is
herbovorous Lepidopteran species. Some specialists feeding exclusively on F.
hayatae are precious species which are phylogenetically close with some species
growing in the forest of F. japonica. The populations of Taiwan are presumably
the relic of the glacier. These insects verify once again the effect of the ice period
of the Pleistocene on Fagus forests, and emphasize the importance and value of
Taiwan beech forest.

189
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The discovery and morphology of
Taiwan beech

Chang-Fu Hsieh / Tze-Ying Chen

Taiwan beech (Fagus hayatae), a relict plant species from the ice age, was
discovered in 1906 by a Japanese technician in Northern Chatianshan, Taiwan.
At the time of discovery, it was considered a variety of European beech (Fagus
sylvatica). However, after careful examination, it was subsequently identified as
a new species of beech endemic to Taiwan. In 2001, almost 100 years after it was
discovered, Taiwan beech was documented in several new localities by different
Taiwanese botanists, including the discovery of the largest forest of Taiwan beech
in the world.

Features of Taiwan beech

Taiwan beech belongs to a rare deciduous member of the oak (Fagaceae)
family, the genus Fagus. It differs from members of other genera in the family
in that the inflorescence is a head rather than an ament (catkin). In addition, its
fruit is a three-angled nut, borne in pairs in soft-spined husks (cupules) (See
photographs, p.15-16).

Leaves The leaves are oblong to ovate, approximately 4-5 cm long, acute at
the apex, rounded or cuneate at the base, and coarsely serrated with 6-10 pairs
of lateral veins running to the margin teeth. The leaves are almost glabrous on
both surfaces except some hairs can be found at the junction between the midrib
and lateral veins. Taiwan beech also has fewer pairs of lateral veins, compared to
other beech species.

Flowers The flowers are unisexual and monoecious. Usually there are 4-7
male (staminate) flowers in an umbel-like head inflorescence; the peduncles and
linear bracts are white and tomentose, and bracts fall off after flowering; sepals
are united into a tube, which is golden-hairy on the outside. There are 8—16
stamens and pollen grains are rounded. Female (pistillate) flowers are typically
2-fascicled, subtended by a single 4-parted cupule, with a tube-like hairy perianth
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(See photograph, p16).

Fruit The fruit is a three-angled nut, borne in pairs in cupules and slightly
winged. The cupules are globose-ovoid, soft-spined, and split into 4 valves when
matured (See photograph, p.17).

Discovery and nomenclature history of Taiwan beech

The first specimen of Taiwan beech was collected from Chatianshan, Quchi
area, Xindian Shicho (now Sanxia District, New Taipei City), Taiwan, by Nariaki
Konishi (no. 20) in February 1906 (year 39 of the Meiji era.). After the Governor-
General Office of Taiwan was founded in 1895, Konishi came to Taiwan and
worked as a technician in the Department of Civil Affairs, and as a curator of the
Taiwan Governor’s Palace Museum, and as a part-time employee in the Forestry
Section. He conducted surveys of Taiwan forest resources, camphor trees, and
aborigines for 13 years. During those years, the most important discoveries of
his surveys included Taiwania cryptomerioides, Cunninghamia lanceolata, and
Fagus hayatae. Moreover, there are 11 plant species from Taiwan named after his
surname, Konishi.

The nomenclature history of Taiwan beech The specimen first collected
by Konishi was recognized as an unknown variety of European beech (Fagus
sylvatica var. 7) by Professor Bunzo Hayata following his preliminary
examination, and was described in Flora Montana Formosae (page 206) in 1908.

Bunzo Hayata Bunzo Hayata was a Japanese botanist who worked for the
Governor-General Office of Taiwan and investigated the local flora between 1904
and 1922. He published the first volume of Icones Plantarum Formosanarum
in 1911 and continued publishing until volume 10 in 1921. During these years,
he described approximately 1,600 new species of Taiwanese plants, and he was
therefore honored as the founding father of Taiwanese botany (See photograph,
pl8).

In 1907, Hayata sent the Taiwan beech specimen collected by Konishi (no.
20), along with a description, to Monsieur J. Palibin working at the St. Petersburg
Botanical Garden for identification. In 1911 (year 44 of the Meiji era), Palibin
published this new species in Materials for a Flora of Formosa Supplementary:
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Notes to the Enumeratio Plantarum Formosanarum and Flora Montana Formosa
(page 286), edited by Hayata. The specific epithet for the species Fagus hayatae
Palibin “hayatae” was designated in honor of Hayata.

Type specimen (Holotype) Type specimen is the original specimen from
which a description of a new species is made. The type specimen of Taiwan
beech is held in the University Museum at the University of Tokyo, Japan. Since
the type specimen consists of only the sterile parts of the plant, no description of
the flowers and fruits was provided when the new species was published. This
specimen was examined and photographed by a research assistant of Professor
Chang-Fu Hsieh, Department of Botany, National Taiwan University, Taiwan.
Meanwhile, the original publication also noted that the most closely related
species of Fagus hayatae Palibin is Fagus japonica from Japan (See photographs,
p21).

Discovery of Taiwan beech habitats

After Konishi’s discovery of Taiwan beech, extensive and detailed
investigations of beech forests have been conducted by Taiwanese researchers
(Profess Horng-Jye Su, Chang-Fu Hsieh , Chern-Hsiung Ou, King-Cherng
Lu, and Ching-An Chiu) in the Chatianshan and Lalashan areas of Taiwan,
where the total forest area of Taiwan beech was estimated being more than 300
hectares. Until 1995, Chatianshan and Lalashan were the only known localities
for Taiwan beech, and therefore, they have been designated as the Chatianshan
Natural Reserve. Moreover, Taiwan beech has been listed as an endangered plant
species according to the Cultural Heritage Preservation Act and is under strict
conservation (See figure, p.22-23).

Ayushan 1In 1998, Taiwan beech was found to occur sporadically in broad-
leaved forests on the West Peak of Ayushan.

Mt. Niaozuishan On October 10, 2003, Professor Tien-Szu Liao and Professor
Jen-Hsien Weng of the National Chung Hsing University, Taiwan, discovered
a large tract of Taiwan beech forest around the summit of Niaozuishan (1,748
m). This Taiwan beech forest occupies an area of approximately 6 hectares and
consists of more than 200 individuals.
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Tongshan Area Early in 1936, Ryoso Kanehira reported that there was a large
area of pure Taiwan beech forest along the ridgelines of Shigui (&), eastern
Mount Sanxing (now Wangyangshan, eastern Cuifeng Lake to Tongshan), but
no other report was ever made since then until 1998. The occurrence of Taiwan
beech is this area was finally rediscovered and confirmed by Professor Tze-Ying
Chen, with support from the Luodong Forest District Office, Forestry Bureau.

This Taiwan beech habitat ranges from Wangyangshan to the Tongshan and
Xiatongshan ridgelines and covers approximately 1,154 hectare, as estimated by
the “National Vegetation Diversity and Mapping Program.” It is now considered
as the largest forest of Fagus hayatae in Taiwan, and also the largest in the world.
The Tongshan area, together with the Chatianshan area, was recognized as the
main summer-green forest type in Taiwan. It is interesting to note that the average
diameter of beech trees in the Tongshan area is larger than that in the Chatianshan
area.

Mt. Daibaishan and Mt. Lankanshan Daibaishan and Lankanshan are
located in the Nanao Township of Yilan County, Taiwan, with elevations of
1,369 m and 1,477 m, respectively. During the “National Vegetation Diversity
and Mapping Program,” the occurrence of Taiwan beech forests in these areas
was initially suspected based on analyses of aerial orthophotographs, and this
was subsequently confirmed by Tze-Ying Chen through field surveys in October
2006.

The results of the orthophotograph analysis and field studies show that
the beech forests mainly occur between the upper slopes and the summit of
Daibaishan with an area of 30.98 hectares. Along the northwestern ridge of
Daibaishan, there are 3 small stands of beech forest at approximately 1,308 m
elevation, with areas of 0.82, 1.03, and 1.46 ha, respectively. In addition, there is
a small area (0.43 ha) of beech forest on the northwestern slopes of Lankanshan.

Summer-green forest The beech forest is mainly composed of deciduous
broad-leaved trees, which produce flowers and shoots in spring; the leaves
become yellow in fall and shed completely in winter (See photographs, p.25).
However, the dominant trees form a green, continuous, dense canopy in summer,
and therefore, the forest has become known as a “summer-green forest.” This
type of vegetation usually develops in temperate oceanic and monsoon climates.

193
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The worldwide distribution of
Fagus forests and Fagus species

Compiled by Tze-Ying Chen
Classification of Fagus species

Fagus species are widely distributed in the temperate areas of Europe,
America, and Asia, and form temperate deciduous forests with other deciduous
species of the genera Acer, Tilia, Quercus, Carpinus, and Betula. The wood of
Fagus species is often used to make tool shafts, floors, and furniture.

The monograph by Shen (1992) described 13 Fagus species distributed across
the world. However, only 10 taxa are widely discussed today, and these are Fagus
sylvatica, Fagus orientalis, Fagus grandifolia, Fagus grandifolia ssp. mexicana,
Fagus crenata, Fagus japonica, Fagus engleriana, Fagus longipetiolata, Fagus
hayatae, and Fagus lucida (See table and photographs, p.27-28). Fagus hayatae
can be classified into 2 subspecies: F. hayatae subsp. hayatae (in Taiwan) and
F. hayatae subsp. pashanica (in China). The latter has larger leaves and longer
cupule-stalks (See photograph, p.29 above). Taiwan is the southern margin range
of Fagus distribution in the northern hemisphere.

Fagus species are all deciduous, and the majority of the species have single
stems, while 3 species have multi-stems. The leaf index (the ratio of leaf length
to width) and the number of lateral veins can be used in the classification Fagus
species. Fagus engleriana has narrower leaves and more lateral veins, whereas F.
sylvatica has wider leaves and fewer lateral veins (612 pairs) (See photograph,
p-28, 29 above).

In geological history, Fagus species were widely distributed in North
America, Europe, Japan, and China. According to the fossil record, Fagus species
originated in the early Paleocene epoch. The Eocene fossil of Fagus chinensis Li
in Fushun (China) is the earliest fossil of Fagus species in the world. The earliest
fossil in America is from the early Oligocene, and the earliest fossil in Europe is
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from the mid-Oligocene.

Migration of Fagus species during the ice age
and post-ice age

In the Pleistocene epoch of the Quaternary Period, 4-5 cold glacial periods
and warm interglacial stages repeatedly influenced the distribution of Fagus
species. During the glacial periods, Fagus species moved southward, surviving
in places referring as refuges. In the warmer interglacial stages, Fagus species
moved back to their original habitats in the north, or toward higher elevations
close to the refuges.

In the Holocene epoch, following the last glacial period of the Pleistocene
nearly 10,000 years ago, the ice sheet retreated and the climate became warmer,
allowing Fagus species to migrate into northern parts of Europe, America, and
Asia again.

In Europe, F. sylvatica migrated 1,200 km northward from the Balkan
Peninsula, the Alps, and Iberia. Fagus forests have been continuously disturbed
by humans since then. In Europe and Asia, Fagus forests were cleared-cut in
some regions, but in early days of European settlement, 7ilia trees were cut and
replaced by F. sylvatica, causing an increase in Fagus and Quercus distribution.
In addition, planting of F. sylvatica in Norway resulted in the northward
migration of this species (See figure, p.34).

The seeds of F. grandifolia have been observed to be stored and dispersed
by birds, such as jays in Europe and blue jays in America, which has enabled
this species to migrate further north. In America, F. grandifolia began to spread
northward from the refuges 16,000 years ago, several thousand years earlier than
in Europe. Approximately 7,000 years ago, Fagus stabilized its distribution in
America and stopped spreading northward (See figure, p.35).

In Japan, F. crenata began to migrate northward from the refuges south of
38° N, reached southern Hokkaido 17,000 years ago, and arrived at its present
northern border 2,500 years ago. Previously, at lower altitudes along the
Sea of Japan, F. crenata was a dominant species often mixing with Quercus
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and Castanopsis; but today, the forests have been replaced by plantations or
farmlands, highlighting the human influence on Fagus distribution (See figure,
p-36 left).

In China, Fagus species appeared in the region of the Bohai Sea (38° N)
7,000-10,000 years ago. The locality of pollen records was further north than
the present distribution of Fagus species. The colder, drier climate, or the human
impact, may have prevented Fagus species from growing around the area of the
Bohai Sea. After the ice age, Fagus species receded to several mountain-top areas
south of 35° N in China, and to the mountains at an altitude of 1,300-2,000 m in
northeastern Taiwan.

The worldwide distribution of Fagus species in the Holocene is summarized
as follows: in the last glacial period, Fagus species centralized at several
small refuges in America, Europe, and Japan; shortly after the glacial period
(10,000-16,000 years ago), these Fagus species spread northward to their present
distribution; Fagus species of China and Taiwan were typically distributed in
mountains and a portion of the lowlands during previous ice ages, but they
migrated to higher altitudes after the last glacial period and have survived on
several low- to mid-altitude mountain-top areas.

Present worldwide distribution of Fagus species

Based on extant Fagus species distribution, F. sylvatica has the northernmost
range, reaching close to 60° N in Norway, followed by Fagus species on the
mountains and lowlands of Japan, southern Europe, and America (45° N-33° N).
In contrast, the Fagus species of China, Taiwan, and Mexico are distributed on
low-latitude mountains. Fagus sylvatica, F. grandifolia, and F. crenata are also
the dominant species on local low mountains and lowlands (See figure, p.37).

Fagus species of America Fagus grandifolia is distributed in the provinces of
southeastern Canada and the eastern half of America, ranging from Maine in the
north, northern Florida in the south, the Atlantic coast in the east, and Wisconsin,
Missouri, and eastern Texas in the west. Although this species used to grow
further west, for example, in California during the glacial periods, its present
major distribution is in eastern America and southeastern Canada, with only a
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sparse distribution in Mexico (See figure, p.35).

Fagus grandifolia typically forms mixed forests with deciduous or evergreen
species, but it also forms large pure forests in the Appalachia region, especially in
North Carolina.

Fagus species of Europe Fagus sylvatica is distributed across southern
Sweden and the more remote areas of southern Norway in northern Europe;
central Italy in the south of Europe; France, southern England, northern Portugal
and central Spain in the west of Europe; the northeast of Turkey in eastern
Europe, where it mixes with F. orientalis; and is completely replaced by F.
orientalis further east (See figure, p.34).

Fagus species of Asia There are two Fagus species in Japan. With the
Japanese Alps (Hida Mountains) blocking the cold western air in the winter, the
majority of snow falls along the Sea of Japan. Fagus crenata can endure heavy
snow, and thus is distributed mostly in western Japan, whereas F. japonica cannot
endure heavy snow, and thus is distributed along the Pacific coast of Japan. In
Honshu, F. crenata is the dominant species in deciduous hardwood forests from
low to mid elevations in mid-latitude Japan (See figure, p.36 left).

Fagus engleriana, mostly found in China, and also on Ulleung Island, South
Korea. This species probably migrated from China to South Korea after the ice
age and grows on the mountains of Ulleung Island (See figure, p.42).

There are four Fagus species in China distributed from the Qinling Mountains
and southward to Vietnam. The Qinghai-Tibet Plateau rose up 6—7 million
years ago, causing the climate to change in China. In the east, the dry temperate
deciduous forests, composed mainly of Quercus species, and the moister
subtropical evergreen hardwood forests were formed. These Fagus species are
mainly distributed in the subtropical evergreen hardwood forests on the mountains
of southern Asia. For example, F. engleriana grows in the north of tropical
southern Asia and the mountains of eastern Zhejiang. Fagus lucida is distributed
farther south. Fagus longipetiolata, the most widely distributed species, can be
found in the mountains of Vietnam, Fukien, and mid-latitude areas. During the
interglacial period, F. longipetiolata grew mostly on mountains, and rarely on
lowlands. Fagus hayatae subsp. pashanica is widely, yet sporadically, distributed
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in the Seven Sisters Mountain Reserve of Hubei, Shennongjia Reserve, Tianmu
Mountains of Zhejiang, Guizhou, Shaanxi and Sichuan. Limited by the monsoons
of Asia, these Fagus species are distributed in areas with summer Pacific air
currents and winter monsoons, where the climate is humid all year round but
never gets extremely cold (See figure, p.42).

Taiwan is the southernmost border of Fagus species distribution besides
Vietnam. Fagus hayatae subsp. hayatae grows at mid-altitudes in the mountains
of the northeastern region of Taiwan, where the northeastern monsoon in the
winter has the strongest impact. The winter of the habitat is very humid, and may
have several days of snow in Taiwan.

Companion species and physiognomy of
Fagus forests

Fagus species grow in a wide range of temperatures and humidity. Different
Fagus forests, from the colder coniferous forests to the warmer evergreen
hardwood forests, may share many similar companion species.

The majority of Fagus species are distributed in the Pan-Arctic floristic areas,
as are most of their companion species, including the temperate families such as
Pinaceae, Magnoliaceae, Lauraceae, Illiciaceae, Fagaceae, Theaceae, Ulmaceae,
Rosaceae, Ericaceae, Styracaceae, Cornaceae, Aceraceae, Juglandaceae, and
Araliaceae. In contrast, only a few companion species are from the tropical
families such as Moraceae, Euphorbiaceae, Myrtaceae, and Meliaceae.

Companion species in the three continents The companion species, and
their associated genera and families, differ among the three continents. In Europe,
with the lowest number of species, the majority of companion species are the
main constituents of the cold-temperate or temperate families. In America, the
main companion species are the constituents of the cold-temperate and temperate
families, as well as some of the subtropical families. Within the temperate
families, there are more species in America than in Europe. In Europe, glaciers
probably had the greatest effects on the plant survival as the northward retreat
of the glaciers occurred later compared to that in America, resulting in fewer
companion species in Europe. In Asia (China and Japan), the weaker effects of
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the glaciers led to a higher number of species compared to that in Europe and
America, including many relic companion families and genera.

Along the latitudinal gradient, the low-latitude plants are mostly hardwood
species, the mid-latitude plants are deciduous hardwood species, the mid- to high-
latitude plants are a mixture of deciduous hardwoods and evergreen conifers, and
the high-latitude plants are mostly evergreen conifers, forming boreal forests or a
mixture with deciduous conifers.

Competition with companion species The diversity of Fagus forests tends
to be lower in Europe than in America or Asia. In southern America and southern
China, the percentage of evergreen hardwood species is higher compared to that
in Europe, northern America, northern China, and northern Japan. In such diverse
forests, however, Fagus species have far lower competitive ability than their
companion species do.

The three mid-latitudinal Fagus species are distributed on mountains as well
as lowlands, and are dominants or co-dominants in the regional communities in
Europe, Japan, and eastern America. Deciduous Fagus species appear to have
greater, or comparable, competitive advantage over other deciduous species.
However, in China and Taiwan, Fagus species also have to compete with
evergreen hardwood tree species of Lauraceae and Fagaceae, and understory
dwarf bamboos. The evident competitive disadvantage excludes Fagus species
from lowlands, and restricts its distribution to mountain tops, resulting a mosaic
distribution.

The structure and dynamics of Fagus forests

Fagus species have only a few branches and can usually grow up to 20-30 m.
In contrast, Fagus trees in China and Taiwan only grow to 15-20 m. In Europe, F.
sylvatica forests usually have 1 or 2 layers, while in the southern latitudes, such
as China or Taiwan, the Fagus forests can have 3 or 4 layers.

Gap regeneration In the pure Fagus forests of Europe, regeneration mainly
relies on canopy gaps formed by the death of one or more trees. When the trees
die and fall, the resultant canopy gaps allow a large amount of light to reach the
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forest floor, which facilitates the germination and growth of Fagus seedlings in
the understory. Growth of these seedlings fills the entire canopy gap, and they
gradually grow to mature forests, completing the regeneration. This phenomenon
of F. sylvatica forests was used as an example for the proposal of “Gap
Regeneration Theory” by Watt (1957), and is the basis on which the dynamic
regeneration theory of mature forests has been developed across the world. (See
photograph and figure, p.47).

In America, Fagus forests are a mixture of F. grandifolia and other deciduous
or evergreen hardwood species, which co-dominate the upper, middle, and lower
layers. Forest regeneration relies on gaps created by tree-falls.

In eastern Asian regions, such as Japan, China, and Taiwan, dwarf bamboos
often form the dense understory of the forests. Dwarf bamboos flower once
for their lifetime. After flowering, the whole understory of bamboos dies,
and within a few years, the seeds of dwarf bamboos germinate and grow into
another dense understory. The species of dwarf bamboos are quite diverse, such
as Yushania niitakayamensis in Taiwan and the dwarf bamboos of Japan and
China. The presence of understory dwarf bamboos can be used to distinguish the
physiognomy of Fagus forests in eastern Asia from that in Europe and America.
(See photographs, p.48 above, 50).

The Fagus forests of Japan are dominated by F. crenata, which sometimes
forms pure forests dominating both the upper and lower layers. Within the
western wind zone, heavy snows blow in from the Asian continent in the winter,
sometimes accumulating to a depth of 1-4 m, which gives snow-tolerant Fagus
seedlings or saplings the competitive advantage over dwarf bamboos. In some
areas, landslides and other disturbances can also suppress the growth of dwarf
bamboos. In addition, the massive mortality of dwarf bamboos can facilitate the
regeneration of Fagus species in the understory. The average interval of a bumper
crop is 5 years for Fagus species. Therefore, the bumper crop has to occur in the
years of major disturbances (heavy snow or landslide), or within several years of
a mass mortality of dwarf bamboos, to facilitate the germination and regeneration
of Fagus species in the understory.

Succession In southern China, southern Japan, and Taiwan, Fagus species
often mix with many other evergreen trees or deciduous hardwoods, with dwarf
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bamboos growing densely in the understory. The seedlings of evergreen species
are usually more shade-tolerant than Fagus seedlings, and thus, the understory of
Fagus forests consists mainly of seedlings and saplings of evergreen tree species.
When canopy gaps appear, Fagus species cannot regenerate because no Fagus
seedlings are available to compete with the other species.

These forests all grow on steep mountains where the spring rains and summer
typhoons bring heavy rain and strong wind, which cause canopy tree-falls or
landslides, exposing the entire hill and reinitiating forest succession. Shade-
intolerant tree species or deciduous hardwood species, such as F. hayatae subsp.
hayatae, appear first in the early successional stage. Through forest succession, F.
hayatae subsp. hayatae completes its regeneration. In addition, the mass mortality
of dwarf bamboos can also cause understory regeneration of Fagus species.
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Taiwan beech and the forest

Tze-Ying Chen / Tsung-Yi Chiu / Pin-Yi Chen
Taiwan beech in the ice age

In most of the Quaternary period, Fagus species had a localized distribution in
China and were often mixed with other evergreen tree species. In the Pleistocene,
Fagus species spread to western Fukien in southern China and northern Taiwan.
In the Holocene, most Fagus species lost their dominance, usually retreating to
mountains and ridges.

The Pleistocene Cycles of glacial and interglacial periods started during the
Pleistocene several millions ago in the newly formed island of Taiwan, and
continuously influenced the habitat dynamics. In the ice periods, a great amount
of sea water froze into ice, lowering the sea level and exposing the land. Many
shallow seas became land bridges, connecting Taiwan and the neighboring areas
in the ice periods. Earlier studies suggested that there were 4-5 ice periods
over the 2 million years of the Pleistocene, each of which lasted for several
hundred thousand years. In the ice period, many species used the land bridges
to migrate between the continent and the surrounding islands (See figure, p.53).
For example, Chamaecyparis spp., Michelia compressa, and Trochodendron
aralioides came to Taiwan from Japan and Ryukyu from the north, while Ficus
spp- and other tropical plants came from southern Asia. However, more species
such as Sassafras randaiense, Taiwania cryptomerioides, Cunninghamia konishii,
and Calocedrus macrolepis var. formosana crossed the Taiwan Strait via the land
bridge from China into Taiwan. Fagus hayatae probably also entered Taiwan
during the ice period.

According to studies of pollens within deposits by Ping-Mei Liew and Chung-
Fu Shen, Taiwan beech was distributed in the lowlands of central Taiwan and
the paleolake area (300 m a.s.l.) near Shuanlianpi in Yuanshan of northeastern
Taiwan 200,000 years ago. At that time, the pollens of two more Fagus species
were also found in central Taiwan. Compared with the flora in the geological
history of Ryukyu, Taiwan beech presumably already existed 400,000 years ago.
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The Fagus species were presumed to have come to Taiwan via the land bridges
during the ongoing ice period or even earlier, and they become dominant in the
plant communities. Beech species had a wider distribution back then, ranging
from northern to central Taiwan and from the lowland to the low elevation of
several hundred meters above sea level.

The Holocene In the interglacial stage, 10,000 years after the beginning of
the Holocene, the earth became warmer, driving the Fagus species of Europe,
America, and Japan migrating northward for several 100 to 1,000 km from the
small refuges in the south, where Fagus species are the dominants in the plant
communities in today’s Europe, eastern USA, and Honshu of Japan. In Taiwan
and China, Fagus species retreated to mid- and low-altitude mountains during this
warming period. In Taiwan, Fagus species moved upward from several 100 m
to 1,300-2,000 m. Yuanshan, the place of pollen discovery, is merely 6 km away
from the eastern peak of Ayushan (1,420 m a.s.l.), where F. hayatae has survived
until today, but the altitudinal difference between the 2 locations is >1,000 m (See
figure, p.55).

These findings show that Taiwan beech is a receded species of the interglacial
stage. Climate change caused the upward migration of the entire population,
which then stopped around the ridges and became a relic of its previously
widespread self due to its low adaptability. Taiwan beech witnessed the global
climate changes, making it an excellent indicator for monitoring climate change.

Distribution and characteristics of Fagus hayatae

There are 10 species of Fagus in the world, all of which are distributed in the
northern hemisphere. Taiwan beech is distributed at the southern border of all
Fagus species. Evidence of underground pollens shows that Taiwan beech used
to be also distributed in the lower-altitude area of northern Taiwan. However, the
glacial recession moved Taiwan beech further upward, restricting its distribution
to several mountain tops and ridges in northern Taiwan.

Plant distribution is generally influenced by regional temperature,
precipitation, topography, and soil. Profess Horng-Jye Su used the difference in
the precipitation between winter and summer to classify the forests of Taiwan
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into the following different geographic-climatic zones: northeastern (the most
humid), mid-western, northwestern, eastern, and southwestern (the driest). In the
northeastern zone of Taiwan, the northeastern monsoon brings a great amount of
rainfall in the winter (See figure, p.57), resulting in hovering clouds and fog year-
round at elevations of 1,500-2,000 m and even several days of snow. Taiwan
beech grows in the areas of such clouds and fogs, suggesting the importance of
temperature and humidity to its distribution.

In Taiwan, there are two large populations of Taiwan beech, one from
Takaishan to Lalashan (175 ha), the other from Tongshan (east of Cuifeng Lake)
to Lupishan (1,155 ha). In addition, other smaller, scattered populations are
located atop Niaozuishan, the west peak of Ayushan, Dabaishan, and Lankanshan.
Among these, the population of Dabaishan is the largest (35 ha), and each of the
other populations covers < 10 ha (See figure, p.22 ).

The entire geographic distribution of Taiwan beech clearly shows that it has
a highly discontinuous distribution that is often separated into several isolated
regional populations. On these small mountain tops, winter clouds and fogs are
denser, summer foggy rain is heavier, and the temperature is presumably lower
than the other mountains. These mountains may have conserved the survived
populations of Taiwan beech receding upward at the ends of the past glacial
stages.

In China, several surviving populations of F. hayatae subsp. pashanica
have been discovered in Micangshan of the Dabashan range (second largest
population), Seven Sisters Mountain (70 ha), Shennongjia, Qingliangfeng of
Zhejiang, and Gansu. Fagus hayatae subsp. pashanica is distributed in mid-
altitude area, and the populations are clearly small with great regeneration
difficulty. Moreover, the trees are felled in some areas to provide materials for
coal or floor planks, threatening the population (See photograph, p.54).

Companion species in the Beech forest

In the mid-altitude cloud forests of Taiwan, also called prevailing cloud zones,
clouds and fogs hover year-round, and the high humidity and low temperature
favor the growth of mosses and fungi that cover the fallen logs and snags.
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There are several other tree species growing with Fagus in Fagus forests.
These tree species differ in their dominance (the percentage of basal area) and
height, and thus increase overall species richness and structure complexity.

In the forests of F. hayatae, the major companion species include Symplocos
arisanensis, N. acuminatissima, Eurya crenatifolia, Illicium anisatum,
Trochodendron aralioides, Lithocarpus hancei var. ternaticupula, and Litsea
elongata var. mushaensis (See table, p.63), all of which together construct the
complex communities of Taiwan beech. These species have different maximum
heights that fit into different layers. The overstory consists of Taiwan beech (up to
20 m) and Trochodendron aralioides, the middle layer consists Illicium anisatum,
Lithocarpus hancei var. ternaticupula, and Litsea elongata var. mushaensis, with
adults averaging 10—15 m, and the understory consists Symplocos arisanensis and
N. acuminatissima, with adults averaging 5-10 m.

Differences and similarities in the species composition of different areas
Taiwan beech is distributed in other areas such as the ridges of Chatianshan
(1,500-2,100 m), Ayushan (1,419 m), Lupishan (1,666 m), Lankanshan (1,369
m), and Dabaishan (1,477 m). The forests of Taiwan beech differ in species
composition among different areas. It also means different ecologies among
different areas. However, they also share some common species, mainly
evergreen hardwood species, along with some coniferous species and deciduous
hardwood species.

Taiwan beech is certainly the main species of the Fagus forest , which can
be divided into the canopy and understory based on tree height. There are some
common species across different areas: Rhododendron pseudochrysanthum,
Rhododendron formosanum, Chamaecyparis formosensis, Chamaecyparis obtusa
var. formosana, Cleyera japonica, and Viburnum erosum are located on higher-
altitude Chatianshan and Tongshan, while Viburnum formosanum, Pyrenaria
shinkoensis, and Litsea acuminata are located on lower-altitude Ayushan and
Lupishan (See tables, p.63,68).

These various species add compostion and structural diversity to the Fagus
forests, create habitats and food sources for various animals including insects,
and increase species diversity to the forest ecosystem.
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Taiwan beech forest composition

In subtropical Taiwan, the Taiwan beech forest is a rare relic of the summer-
green community. With Taiwan beech as the dominant species, the forest has
simple physiognomy in which the overstory is mainly deciduous Taiwan beech,
and the understory and companion species are largely evergreen hardwood
species.

In other countries, the Floristic Classification system uses companion species
to name plant communities. In this system, the companion species adapting to
different environments are used as the identification species for naming plant
communities. As the basis for classification, the companion species and ground-
layer plants also reflect the differences in Taiwan beech forests. By classifying
Taiwan beech forests, we can further examine the structural differences of Taiwan
beech communities and the ecological differences in their geographic, elevation,
and topography scale (See table, p.72 ).

Plant communities can reflect the local environmental characteristics and
geographic changes. The beech forests of Taiwan belong to the southern
beech forests of the world. These Fagus forests consist of canopies that are
dominated by deciduous Taiwan beech and accompanied by evergreen species
of Fagaceae, Lauraceae, Trochodendraceae, and Magnoliaceae, understories
that contain common warm-temperate species such as Theaceae, Symplocaceae,
Aquifoliaceae, Lauraceae, and Elaeocarpaceae, and ground layers that are
dominated by Y. niitakayamensis, whose dense growth makes beech seedling
regeneration difficult. This type of plant community shares physiognomy and
composition with the Fagus forests in southern Japan and China.

Taiwan beech forests in the upper Quercus zone In Taiwan, the
distribution of Taiwan beech is in the range of 1,300-2,000 m. The major
population is located on Takaishan and Lalashan of the Central Mountain Range,
and the other large population is located on Tongshan and Xiatongshan of the
Syueshan Mountain Range. These two largest populations of Taiwan beech are
situated at the upper Quercus Zone (See figure, p.58) with elevations of 1,500—
1,900 m, where the northeastern monsoon brings a great amount of rainfall every
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year, and the temperature can drop to the point of snowfall.

These two large populations can be subdivided into two types. The first type,
which is mainly distributed in the Beichatianshan and Tongshan areas, is the
plant community dominated by Taiwan beech, with an overstory similar to the
vegetation in eastern Asia. The major constituents include many mid-altitude
species such as Pasania hancei var. ternaticupula, Trochodendron aralioides, and
Quercus sessilifolia, as well as some deciduous species such as Ulmus uyematsui,
Alnus formosana, and Acer palmatum. However, Betula spp., deciduous Quercus
spp., and Acer spp.—the common species in the temperate area—are either non-
existent or greatly reduced in number.

The second type, which is mainly distributed on the top and the ridge
of Lalashan (1,814-1,950 m), is the uppermost Quercus zone, in which the
occasional occurrence of F. hayatae, Chamaecyparis obtusa var. formosana, and
Tsuga chinensis forms a mixed forest. The latter 2 species are the major species
of this forest type.

Taiwan beech forests in the lower Quercus zone In addition to the
2 largest populations of Taiwan beech mentioned above, the other smaller
populations, each covering < 40 ha, are in the lower Quercus zone of low-altitude
Niaozuishan and Dabaishan, and Lankanshan or the western peak of Ayushan
(1,300-1,600 m), where foggy rain falls in the summer and occasional snowfall
occurs in the winter.

These plant communities vary greatly in species composition, with species
mainly from low elevations, including Michelia compressa, Cinnamomum
randaiense, Lithocarpus kawakamii, and Fatsia polycarpa at the northern shore
of the Lanyang River (Niaozuishan and Ayushan) and Lithocarpus konishii at the
southern shore of the Lanyang river (Dabaishan and Lankanshan). The species
composition suggests that these small populations are mostly situated around
the low-altitude margin of Taiwan beech forest distribution. These sensitive
vegetation types would be affected first by the climate changes, and thus can
serve as an indicator for monitoring Taiwan beech forest dynamics.
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Yushania niitakayamensis — the strong competitor

Although mature beech trees can be very tall, the seedlings struggle before
reaching maturity because the thick growth of Y. niitakayamensis fills most
growing space in the understory of Taiwan beech forests, shading other plant
species underneath, and their rhizomes also suppress the root growth of other
plants. Yushania niitakayamensis is so widespread in the forest that almost no
growing space is left for other plants.

The growth of Y. niitakayamensis begins with underground rhizomes, which
this bamboo species uses to expand its territory. The rhizomes extend in the
soil and produce a new shoot once they reach a certain point. New shoots
(culms) grow in thickets with connecting bases. Using asexual reproduction,
Y. niitakayamensis can expand very rapidly. However, some short herbaceous
species, including Plagiogyria formosana, Dryopteris sparsa, Acrophorus
stipellatus, and Oxalis acetosella subsp. griffithii, still manage to grow underneath
the Y. niitakayamensis thickets (See photographs and table, p.78-81) .

In addition, seedlings of woody species have the potential to grow into adult
trees, including Camellia brevistyla, Viburnum sympodiale, Daphniphyllum
himalaense subsp. macropodum, and N. acuminatissima. In contrast, F. hayatae
seedlings are rarely found, suggesting the difficulty of natural regeneration in the
forest.

The experiment of the understory seedlings To investigate the effects of
Y. niitakayamensis and canopy gaps on understory seedlings, the sites cleared of
Y. niitakayamensis in the presence or absence of canopy gaps were compared to
sites with intact Y. niitakayamensis. There are 4 treatments in the experiment: (1)
with canopy gaps and Y. niitakayamensis cleared; (2) without canopy gaps and Y.
niitakayamensis cleared; (3) with canopy gaps and Y. niitakayamensis intact; and
(4) without canopy gaps and Y. niitakayamensis intact.

The results show that the seedlings of Symplocos arisanensis and N.
acuminatissima had the greatest numbers regardless of the environments.
Viburnum furcatum and Trochodendron aralioides clearly preferred the sites
cleared of Y. niitakayamensis. Removing Y. niitakayamensis evidently encouraged
the germination of these 2 species.
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The presence or absence of canopy gaps had little effect on the seedlings. It is
possible that in the Taiwan beech forest, only smaller gaps are formed by broken
trunks or dead tops instead of larger gaps consisting of uprooted trees. The
quantity of the incident radiation is not very different in small gaps and under
relatively closed canopies.
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Phenology and natural regeneration
of Taiwan beech

Shu-Tzong Lin / Zhi-Bin Wu

Taiwan beech is a deciduous tree displaying the phenology of sprouting,
flowering, fruiting, and lear-shedding according to the seasonal changes.
Based on investigated results, only a few F. hayatae seedlings were found in
Taiwan beech forests, a phenomenon affecting forest regeneration. The trend
of habitat shrinkage shows that the Taiwan beech forest is struggling with its
survival. Natural forest regeneration depends on all stages of the plant life cycle,
including germination, development, and reproduction. From the reproduction
to germination stages, development and differentiation of buds, flowering and
pollination, seed vitality, germination, and seedling establishment all influence
forest regeneration ability.

Phenology is a temporal pattern of plant development and growth.
Photoperiod, temperature, and moisture are the most important environmental
factors affecting the plant life cycle. Photoperiod length is related to seasonal
changes, aspect, and slope. Temperature verlier along with altitudinal and
latitudinal gradients. Moisture is affected by seasonality, topographical
constraints, and other local factors. For these reasons, the same tree species could
start its growth and reproduction either earlier or later. Therefore, an investigation
of plant phenology shows not only periodicity in genetic and physiological
characteristics but also changes in climate and environment.

Phenology of Taiwan beech

The beech tree (Fagus) has a phenology of sprouting, shedding leaves as well
as flowering and fruiting with time. Buds, leaves, and propagules are important
phenological features. New buds of Taiwan beech are initiated in March and
April, while leaves unfold and flowers appear in next March and April. It has
mixed buds containing both embryonic leaves and flowers or embryonic leaves
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only. Its leaves have an 8-month lifespan. They are emerald at the beginning, then
turn yellow, and fall off at the end of autumn to reduce water and energy losses
for the following growth and reproduction stages. The flowering period lasts 2-3
weeks. Its pistillate flowers develop into fruits and fall off about 4 months after
fertilization, and seeding in autumn as acorns mature (See figure, p.85).

The Taiwan beech does not bear fruit every year; rather, it has synchronous
flowering and fruiting every 4-6 years depending on climate, environmental
conditions, and nutrient resources. In seeding period, the high rate of empty
grain and frequent seed consumption by insects and animals influence the seed
germination rate and seedling recruitment. A seeding peak occurs in September
and October. The seeds of the Taiwan beech exhibit dormancy. After the seeds
fall on the ground, they cannot germinate until they have endured a period of low
temperature.

The fleshy seedling of Taiwan beech starts as its cotyledons fall off 2 weeks
after the seeds germination. The seedlings are often found surrounding parent
trees. Seedlings are vulnerable when occurring in April and May. Even though the
Taiwan beech produces a large number of seeds in its mast years, the survival rate
of seedlings is still low due to the dense dwarf bamboo understory in the Taiwan
beech forests.

Development of Taiwan beech buds

The buds of the Taiwan beech are alternate on the branches (See photograph,
P87 bottom). The terminal and lateral buds are distinguishable. Each is covered
with 20-24 imbricate scales. The scars left behind on the branches as the bud
scales are shed are 0.3-0.5 cm long. In the mast years, most buds are mixed
buds containing embryonic leaves and flowers. However, in the lean years,
it has vegetative buds that contain only leaves. The bud primordia of Taiwan
beech are initiated in the early spring in March (See photograph, p.87 above).
The buds are covered with scales for protection against damage and desiccation.
The number of bud scales increases constantly toward November. There are few
morphological changes at the early stage of bud development. The buds are small
in the early spring, elongate in the early summer (June), and differentiate into leaf
buds or flower buds in July. During differentiation, the leaf buds elongate into an
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elliptic-acute shape, and the flower buds develop into a spindle shape. The buds
are dormant from November to January, and then start to specialize into flower
buds when Taiwan beech trees reach maturity. The bases of the buds develop into
male inflorescences, whereas the apices develop into female inflorescences. The
male flowers occur earlier than do the female ones.

Development of Taiwan beech leaves

The leaf buds of Taiwan beech burst open and start expanding leaves in
mid-March. Young leaves are covered with white hairs (See photograph, p.88
bottom) in the early stage, and become darker in color, harder in texture, and
then reach matuity in mid-June. At the end of August, the leaves turn yellow. The
chlorophyll breaks down before the leaves fall off; consequently, the leaves turn
yellowish-brown and then fall off in mid-November. This leaf life cycle is about
complered in 240 days. The chlorophyll contents peak 1.5 months after the leaves
mature that display the most active stage of the photosynthesis reaction. As leaves
age, the chlorophyll contents decrease and the leaves turn yellow, senesce and
wilt before finally falling off (See photographs, p.90).

Frost events can damage embryonic buds of the Taiwan beech during its
flowering and leafing stages in early March. Subsequently, the leaf buds sprouting
in May would not develop well. Galls are frequently found on young leaves,
and larvae of butterflies or moths (or caterpillars) are also commonly observed
chewing up mature leaves.

Flowering and fruiting of the Taiwan beech

The flower bud of Taiwan beech is a mixed bud that contains male
inflorescences, leaves, and female flowers in order from the base to the apex of
the bud (See photograph, p.91). The flower buds expand in early February and
continually blossom in late February. The male inflorescences bloom first, then
the leaves open, and finally the female flowers appear. During this period, most
scales on the flower buds fall off, except for a few inner ones. The beech pollen
grains on the anthers of the stamens are dispersed by the wind for 3 weeks, a
phenomenon called anemophily. This pollination normally lasts for a week. In
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early April, the involucres of the pistillate flowers split to expose the styles.
The stigmata then secrete a sticky substance that traps pollen grains. Soon after
fertilization, the staminate flowers quickly wither and dry out, and the ovaries
start to develop into fruits (See photographs, p.92). During the blooming stage,
late frost event can injure young flowers and leaves.

Staminate flowers continually fall off 2-3 weeks after blooming, while
the pistillate flowers develop into fruits. The sizes and weights of the
fruits continually increase from April until the end of May, and no further
morphological changes in the fruits occur until the end of June. A few acorns drop
in the meantime, but most of them are empty, immature, or damaged by insects.
Until August, while acorns develop, the seeds continue to increase in weight but
lower water content at maturity. The acorns change from light green to brown,
and their apices protrude beyond the cupules, which split upon maturity. The seed
rain occurs mainly in September and October, and the seeds are sound and well
developed. The seeds are dispersed for approximately 5 months, but the number
of seeds decreases to scarcity after November.

Taiwan beech trees growing on the ridgelines usually receive plenty of
sunlight and appear to have more abundant flowers. The seed production of
beech trees may be influenced by fertilization effectiveness, climatic factors such
as strong winds (typhoons), and biological factors such as predation. Squirrels,
birds, and insects in Taiwan beech forests also affect the seed yield by seed
consumption. Leaf roller moths lay eggs in the female flowers. After hatching, the
larvae consume the cotyledons and embryos and reduce the seed viability, even
causing death. The beech trees are pollinated by the wind. However, have a high
moisture content and rich rainfall, in the beech habitats can severely influence the
efficiency of pollen dispersal and fruiting.

Natural regeneration of Taiwan beech

The distribution range of the Taiwan beech has shifted both northward and
upward since the last ice age. This species now survives as isolated populations
in a few mountain ridges and peaks in northern Taiwan, and may become extinct
as habitat areas diminish due to further global warming. The success of natural
regeneration depends on the species’ ability to survive over the life cycle,
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including seed germination, development, and reproduction. Seeding regeneration
means the stages of reproduction and germination to seedlings.

The annual production of fruits and seeds by Taiwan beech is highly variable,
and the occurrence of masting is related to climatic conditions and nutrient
resources. The full bearing of Taiwan beech has been observed to occur every
4-6 years. In addition to the consumption losses by rodents and insects, some
seeds are underdeveloped and empty, resulting in a low germination capacity.
Therefore, Taiwan beech forest regeneration may depend on the seed supply of
masting year.

The seeds do not germinate right after falling off; rather, they become as soil
seed bank. The habitats of Taiwan beech are located in the cloud forest zone in
northeastern Taiwan, where there is a regular winter rainfall, the soil surface
is often frosted over when cold current approaches in winter and early spring,
Therefore, the seeds are in a habitat with low temperature and high moisture.
Although the chill of winter helps to break seed dormancy, the humidity may
accelerate the loss of seed viability loss. The seeds will either germinate or die
within 6 months after seeding. Seed germination is not sensitive to light, but is
sensitive to temperature and humidity. Upon germination, the radicle emerges
from the pericarp 1-2 months after the seed falls off, and the root system slowly
grows at the same time. Seeds of Taiwan beech are epigeal germination type
(the cotyledons emerge from the ground after germination). In the spring, as the
weather becomes warmer, the cotyledons expand and split in half, and become
green and photosynthetic. The cotyledons fall off after about 1 month. The first
true leaves appear as a pair 1 week after the cotyledon expands. In the early stage
of development, young leaves are covered with white pubescence for 1 month.

The seedlings occur in March and April and are vulnerable, rarely surviving
under low light conditions. In beech forests, the understory is often densely
covered with dwarf bamboo; therefore, the light availability is low for seedling
growth. As such, the survival and growth of Taiwan beech seedlings is much
better on open sites than within dwarf bamboo understory.
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Germination, seed storage, and
seedling establishment of Taiwan beech

Jeng-Chuann Yang

Taiwan beech is currently 1 of 5 legal, precious, and rare species of the
Cultural Heritage Preservation Act and the only broad-leaved tree among them.
Because of the limited distribution of the population, the Council of Agriculture
of Taiwan reinforces the conservation of this vulnerable species. This chapter
introduces the storage behavior as well as the germination conditions and
methods of Taiwan beech for future reference of its restoration and offers definite
suggestions for ex situ or in situ conservation of this species.

Seed maturation of Taiwan beech

The fruit maturation period of Taiwan beech is approximately from the middle
of August to the latter half of September. Not all Taiwan beech trees can blossom
and bear fruits, even in mast years. For example, consider the population of
Taiwan beech of the ridge of Tongshan of the Nanao Township, Yilan County, at
an elevation of 1,750-1,830 m. This population of Taiwan beech species bears
fruit most easily. In the seed years of 2001, 2006, and 2010, the percentages of
fruit-bearing mother trees were merely 30%, 35%, and 55%, respectively.

Seed collection and treatment of Taiwan beech

To produce seeds with good quality, exact fruit collection timing must first be
known, and the chosen time should be during the period of seed maturation and
indehiscent fruits. However, in terms of harvest quantity, the optimum collection
time is when 10-20% of the fruits split open to reveal brown nuts. Although
Taiwan beech seed collection at this time would cause both mature and dehiscent
seeds to scatter, doing so ensures a greater proportion of mature seeds.
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The collected mature fruits with branches and leaves were dried indoors to
efficiently extract seeds. After 1-2 days of drying, the fruits split open. The high
rate of empty Taiwan beech seeds was improved by soaking in 95% alcohol to
extract the seeds. Filled seeds were obtained by winnowing and blowing. The
seed blower used blowing and gravity to separate filled Taiwan beech seeds from
the empty seeds and debris.

Seed characteristics of Taiwan beech

The Taiwan beech seeds collected from Tongshan of Nanao Township, Yilan
County, in 2006 had several interesting characteristics. There was an interval
of 10 days between the 2 collected seed lots, both of which had very high
percentages of empty seeds. The percentage of filled seeds of seed lot 1 was
11.29%, while that of seed lot 2 was much lower at 4.06%. The total percentage
of filled seeds was merely 6.64%. The seed size of seed lot 1 was obviously
smaller than that of seed lot 2. The total number of the 2 seed lots was an average
of 12,220 seeds per liter, and the thousand-seed-weight was approximately 33.6
grams (See table, p.100).

The last fruit-bearing year of the population of Tongshan in the mast year
was in 2010, and the number of mother trees of that year bearing massive fruits
was much more than that in 2006. However, the percentage of empty seeds
of each individual was also high, and the difference was very significant. The
percentage of filled seeds of different individuals was 0.3-37.8%, and the average
was 19.7%, a figure that was much higher than that in 2006 (6.64%). In other
words, the rate of pollination in 2010 was better, which may be associated with
the activities of insects as pollen vectors. Still, the insect activities were closely
related to climate regime. We infer that poor spring rain in 2010 caused greater
numbers of pollination opportunities. The huge difference in the seed size of
Taiwan beech individuals occurred again in 2010. The recorded seed number per
liter was 8,050-11,588.

Dormancy and germination of Taiwan beech seeds

Taiwan beech seeds have characteristic deep dormancy. The germination of
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this species is not easy after sowing. For example, consider the seeds collected
in 2006. The germination percentage of the fresh mature seeds was 10.7% after
12 weeks, whereas the mean germination time was as high as 54.4 days. The
seeds were incubated at the fluctuating temperatures of 30/20°C (day/night)
with 8 hours of light (50-80 pE s-1m-2). The seeds irregularly germinated
at 4-12 weeks. Even when the germination duration extended to 36 weeks,
the germination percentage was still only 24.7%. However, after we cut the
ungerminated seeds open, we found that most of the seeds were healthy, meaning
that they were still dormant.

Low-temperature stratification Low-temperature stratification is an efficient
strategy for breaking Taiwan beech seed dormancy. After pretreatment of 2-month
stratification at 4°C, the germination percentage of the seeds collected in 2006
was 61.3%, a significant increase in germination compared to seeds that were not
pretreated (10.7%). In fact, the seeds had completely germinated within 4 weeks.
After the 12-week germination duration, the ungerminated seeds were cut open
and were found to have deteriorated. Consequently, the fresh Taiwan beech seeds
completely lost dormancy after 2-month stratification at 4°C (See figure, p.101).

Low-temperature stratification both increased the germination percentage
and enhanced the germination speed. The mean germination time of the seeds
undergoing 2-month stratification was 15.7 days, a significant decrease compared
to the seeds that did not undergo pretreatment (54.4 days) (See figure, p.102).

Taiwan beech seeds growing in the subtropical zone had deep dormancy,
similar to those in the temperate region. Two-month stratification at 4°C
effectively broke the dormancy of the Taiwan beech seeds. Similarly, Fagus
sylvatica L. seeds required at least 28 days of stratification at 3—-5°C to break
dormancy. Fagus grandifolia Ehrh. seeds, however, required 3 months of low-
temperature stratification to break dormancy.

Seed storage of Taiwan beech

Categories of seed storage behavior Mature seeds are divided into 3
categories according to the degree of desiccation tolerance: orthodox, recalcitrant,
and intermediate. Orthodox seeds are tolerant of desiccation and maintain their
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viability when the seed moisture content decreases to 5%. Storage longevity
of such orthodox seeds is prolonged as storage temperature and seed moisture
content decrease. In contrast, recalcitrant seeds are extremely intolerant of
desiccation, and when they are dried to <12-31% moisture content, their viability
declines with drying duration. Some findings show that seeds such as coffee
and oil palm are neither orthodox nor recalcitrant; rather, they are classified as
intermediate. Moderate desiccation tolerance is typical of intermediate seeds;
for example, they can often survive dehydration to 6—10% moisture content
without losing viability. Nevertheless, intermediate seeds are sensitive to low
temperatures; in general, intermediate seed storage at subzero temperatures
would severely damage viability, so seeds should be stored at higher temperatures
(5-15°C) to ensure longevity.

Seed storage behavior of Taiwan beech The Taiwan beech seeds collected
in 2006 were stored for 0—36 months, and different seed moisture contents
and storage temperatures were applied to elucidate the influences of each on
the germination percentage. We found that Taiwan beech seeds can tolerate
desiccation and that most seeds survived when dried to 6% moisture content.
Taiwan beech seeds showed similar desiccation tolerance to that of orthodox
seeds, but their viability sharply deceased with moisture content reduction, a
finding that differed from that in orthodox seeds. Moreover, Taiwan beech seeds
with different moisture contents were intolerant of subzero temperature storage,
and the germination percentage significantly decreased after 36 months. This
characteristic is indeed different from that of orthodox seeds. In addition, seeds
with lower (2%) or higher (13.4%) moisture content suffer from altered viability.
Therefore, the Taiwan beech seeds were confirmed as intermediates (See figure,
p-108).

Seed storage behaviors of F. hayatae, F. sylvatica, and Fagus crenata were all
intermediate, and they had similar desiccation tolerance. The respective optimal
storage conditions of F. sylvatica and F. crenata seeds were at 7.8—11.5% and
7.6-9.5% moisture content, for storage at -10 to -20°C. Seeds stored for 2 years
were slightly less viable than fresh seeds. In this study, the optimal storage
conditions of Taiwan beech seeds included a moisture content of 6-9% and a
temperature of 4°C. After 3 years of storage, the seeds lost 30% of their viability.
In terms of intermediate seeds, F. sylvatica and Taiwan beech seeds were not
only tolerant of desiccation but also insensitive to subzero temperatures. Only
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longer storage duration resulted in deteriorated viability. F. hayatae seeds with
desiccation intolerance were more easily classified as intermediate than were the
other 2 species.

Possibility of ex situ seed storage conservation

The optimal storage condition of Taiwan beech seeds is desiccation to about
6% moisture content followed by hermetic sealing for storage at 4°C. After
3-year storage in this condition, approximately 70% of the seeds were still viable.

Seeds of Taiwan beech, one of the legal, rare, and precious species that has
been granted statutory protection in Taiwan, are of intermediate type, meaning
that they are intolerant of long-term storage. As such, supplies of these seeds
should be renewed and restored in the seed banks within the next 10 years.
Therefore, long-term seed storage of this species is useless when an ex situ
conservation strategy is adopted. Since its seed storage is difficult, we suggest
that Taiwan beech should remain protected.

Seedling establishment of Taiwan beech

Taiwan beech seedlings struggle to grow; in fact, the Taiwan Forestry
Research Institute in 2006-2008 found that seedlings have a low survival rate and
slow growth. Many seedlings wither because they fail to sprout after winter. The
fact that the seedling growth stagnated might be associated with not adjusting to a
lowland climate or a lack of symbiotic fungi in the soil. Therefore, approximately
600 seedlings were moved to and cultivated in the Taipingshan Station of the
Loudong Forest District Office in 2008, which was close to the original habitat (at
an altitude of 950 m). However, the growth stagnation problem did not improve
even after the seedlings were moved to bigger basins and better soils in 2010.

The soils collected from locations near the roots of mother trees in Tongshan
in 2009 were mixed with planting soils. The purpose was to investigate whether
growth stagnation was related to a lack of symbiotic fungi. Our preliminary
results showed that the survival rate and the seedling height of the experiment
group in which the soils from mother trees were mixed with the planting soils
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were not superior to those of the control group after 1.5 years. Consequently,
further research on the correlation between symbiotic fungi and seedling growth
is being conducted by experts in an attempt to solve the problem of the artificial
planting of Taiwan beech.
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Animals in the Taiwan beech forest

Yu-Ching Lai / Jean-Jay Mao

A mountain ridge is usually considered poor in biodiversity. However, the
Taiwan beech forest is rich in wildlife, and preserves important biological
functions. To understand the ecological functions and wildlife species living
in the forest, a fauna survey was conducted in 2 of the largest beech forests
in Taiwan, the Chatianshan Nature Reserve and the Tongshan area, where the
Taiwan beech trail of the National Forest Recreation Area is located. A total of
21 mammalian species, 31 avian species, 6 reptilian species, and 5 amphibian
species were recorded. We found that mammals in the Taiwan beech forest are
mostly small- to mid-sized species, with muntjac being the most prevalent.
Healthy Formosan yellow-throated martens prey on muntjac in Tongshan, while
the Small Chinese civet dwells happily in Chatianshan Nature Reserve.

Inventory methods

Surveying the Taiwan beech forest is a challenging task because it is
situated in a harsh location where it is always rainy and foggy. To effectively
survey animals living in the Taiwan beech forest, the inventory method has
to accommodate every major category of activity patterns, including flying,
climbing, crawling, or digging. The narrow ridges and steep slopes of the Taiwan
beech forest along with the cold, humid, and rainy weather make the task more
difficult. The equipments have to sustain harsh weather and provide reliable data.
Many techniques have been tried and modified in this survey. Of all the tested
survey techniques, camera trapping, small mammal trapping, sound recording,
funnel trapping, and cover board method appear to be valid methods for this area.

Research camera traps A research camera trap, also called a trail camera or
wildlife camera, is equipped with an infrared sensor that is triggered by heat and
movement. These simplified all-weather cameras can acquire multiple images to
capture wildlife action when a homeotherm passes by. The camera is mounted
on a tree trunk overlooking the wildlife trails at a 45° angle facing downward or
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horizontal, depending on the camera features. In this inventory, different types of
camera traps (e.g., film and digital, color and black-and-white) and video filming
and photographing were used at different locations for different purposes. Filming
allows researchers to study animal behavior based on their movements, whereas
photographs provide clear steady images of individual animals for identification
and assessment (See photograph, p.113 above).

Small mammal trap Although a camera trap can capture images of small
mammals, the images are usually incomplete and too small for identification of
small mammals due to their small body size and hidden movements. Therefore,
the traditional Taiwan mouse trap and Sherman Trap (See photograph, p.113
bottom) are used to capture small mammals, such as rodents and insectivores.
A piece of yam is smeared with peanut butter to lure the animal. Each trap is
checked twice a day, early in the morning and late in the afternoon, and the
animals are released on site after identification.

Sound recorder For nocturnal animals or song birds, a broadband sound
recorder is used to record vocal sounds. The broadband sound recorder covers
a wide range of audio frequencies and has been modified to connect to dual
microphones and an outlet with extra batteries, and contains isolation noise
reduction foam. Vocal sounds are recorded in digital format and can be identified
automatically or manually. This broadband sound recorder works as a sound trap
and allows the researcher to capture vocal records without disturbing the animal.

Funnel trap Reptiles and amphibians do not make noises and have no body heat
but are accustomed to following a barrier. A 3-m-long and 30-cm-high fence is
used to guide the animals into a modified prawn basket, called “drift-fence funnel
trap.” The drift-fence funnel trap is activated once a month and lasts a week (See
photograph, p.114 above).

Cover board An artificial cover board can retain solar energy, and hence, it
is an additional hiding place for reptiles. Sixteen calcium silicate boards, 30
cm’ each, were placed on the beech forest floor where sunlight penetrates. The
animals under the board can be identified to complement the reptile species list
(See photograph, p.114 bottom).
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Mammals in the Taiwan beech forest

The narrow ridges and steep slopes characteristic of the Taiwan beech forest
stand restrict the expansion of the ecosystem despite its low disturbances. The
ecosystem, hence, does not provide sufficient resources for the larger mammal
population, especially carnivores. The mammals recorded include Formosan
macaque (Macaca cyclopis), Formosan yellow-throated marten (Martes flavigula
chrysospila), golden weasel (Mustela sibirica taivana), Formosan ferret-
badger (Melogale moschata subaurantiaca), small Chinese civet (Viverricula
indica taivana), Formosan gem-faced civet (Paguma larvata taivana), crab-
eating mongoose (Herpestes urva formosanus), Formosan wild boar (Sus scrofa
taivanus), Formosan Reeve’s muntjac (Muntiacus reevesi micrurus), Formosan
sambar (Rusa unicolor swinhoei), and Formosan serow (Capricornis swinhoei)
(See table, p.115). Larger mammals, such as sambar deer and wild boar, are
rare. Furthermore, the beech forest is not the major habitat or distribution range
of the serow and mongoose; hence, these mammals are less prevalent. Rodents
include red-bellied tree squirrel (Callosciurus erythraeus), Owston’s squirrel
(Dremomys pernyi owstoni), Formosan striped squirrel (Tamiops swinhoe
formosanus), Formosan hairy-footed flying squirrel (Belomys pearsoni kaleensis),
white-faced flying squirrel (Petaurista alborufus lena), Formosan white-bellied
rat (Niviventer culturatus), Formosan field mouse (Apodemus semotus), and
Formosan black-bellied vole (Eothenomys melanogaster) (See table, p.119).
Among all the species, the muntjac is the most abundant mammal in the forest,
and its population appears to remain stable. The marten is the key carnivore in
Tongshan, whereas the weasel plays the same role in Chatianshan. Rodents, such
as the Formosan white-bellied rat, which constitute the most stable population
in the area, and Owston’s squirrel, which climbs, may consume beech seeds and
hence affect beech regeneration, although beech seeds are not their primary food
source.

Birds in the Taiwan beech forest

There are 30 avian species recorded using broadband sound recorder. Most
of them are resident and a few of them are migrants or visitors. Phasianidae
such as Swinhoe’s pheasant (Lophura swinhoii), White-throated hill partridge
(Arborophila crudigularis), and Chinese bamboo partridge (Bambusicola
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thoracica sonorivox) are ground dwelling birds and are most popular in the
forest. The fed on buds, sprouts, flowers, fruits, and small invertebrate. Owls such
as Mountain Scops Owl (Otus spilocephalus hambroeoki), Brown Hawk Owl
(Ninox scutulata), Brown Wood Owl (Strix leptogrammica) and Tawny Wood
Owl (Strix aluco) are nocturnality that prey on rats, birds, or small vertebrates.

Reptiles and amphibians in the Taiwan beech forest

The Taiwan beech forests usually locate at elevation 1,500 meters high and
higher, therefore, not the major habitat for reptiles and amphibians. The reptiles
and amphibians that use the Taiwan beech forests are species that adapt to humid
forest ground and have low temperature restrictions. Reptilian species recorded
are Chinese green tree viper (Viridovipera stejnegeri stejnegeri), Chinese
mountain pitviper (Ovophis monticola makazayazaya), Formosa odd-scaled
snake (Achalinus formosanus formosanus), Mountain keelback (Pseudoxenodon
stejnegeri stejnegeri), mountain wolf snake (Lycodon ruhstrati ruhstrati) and
Taiwan alpine skink (Sphenomorphus taiwanensis) (See table, p.126) and
amphibian species include Central Formosan toad (Bufo bankorensis), Sauter’s
brown frog (Rana sauteri), Meintein tree frog (Kurixalus idiootocus), Moltrechtis
green tree frog (Rhacophorus moltrechti) and Eiffinger’s tree frog (Kurixalus
eiffingeri) (See table, p.129).
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Insect fauna associated with
beech forests

Yu-Feng Hsu
Sampling methods

With regard to the insects associated with beech forests, there is little doubt
that to date, the most comprehensive investigation has been performed in Japan,
where at least 143 leaf-feeding species 35 seed-boring species, and 31 gall-
making species insects have been identified from the 2 beech species Fagus
crenata and F. japonica. Many insects species are also associated with beeches in
Europe and North America, but most of them are not specialists.

In Taiwan, the insect fauna associated with beeches is still poorly understood.
Therefore, an inventory and a survey on the diversity of beech-associated insects
should be performed first before further evaluation. Nevertheless, beech forests in
Taiwan represent a beech population relict from the previous glacial period and
generally regenerate poorly, which discourages destructive sampling methods
should be avoided.

Insects using different kinds of tissues or microhabitats were documented
separately to establish information on the functional groups of insects associated
with Taiwan beech. To confirm their true association with Taiwan beech, samples
were brought back to a laboratory and were reared out for identification. As the
life history of many beech-feeding insects closely matches the phenology of
beech, they are often univoltine with a long diapause period. Such life history
makes beech-feeding insects difficult to handle in a laboratory away from their
habitats.

Insect fauna on the beeches of the world

A biogeographer once described a moving plate as a combination of “Noah’s
Ark plus Viking funeral ships” because plates carry living organisms on their
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surfaces and fossil beds. Fossil evidence indicates that beech forests once covered
much more extensive areas in the northern hemisphere than what is seen today.
Following dramatic climatic changes during the glacial and interglacial periods,
many areas formerly covered by beech forests are no longer suitable for the
survival of the cool-climate-loving beech trees, resulting in a widely disjunct
distribution of beeches. However, similar to many oak species, beeches are used
as host plants by many phytophagous insects. Many insects associated with beech
trees possess life cycles that closely match the growing plant tissues they feed
upon, and many of them become specialists on beeches. The survival of these
insects depends on the continuing existence of beech forests.

The region that hosts the highest species diversity of beech is southern China.
It is reasonable to assume that this region would be enriched in the insect fauna
associated with beech. Unfortunately, information regarding this fauna is still
scanty. Using information available from Europe, Japan, and North America,
however, a preliminary comparison of insect fauna diversity can still be
performed. Based on the data available in the database of host plants for global
butterflies and moths “HOSTS,” it has been established that many phytophagous
insects may be found on beech trees in Europe, Japan, and North America.
Surprisingly, the proportion of specialists on beeches differs considerably
between the 3 regions. Although at least 86 species of lepidopteran insects are
known to be capable of feeding on Fagus grandifolia in North America, nearly
all of them are polyphagous moths, including the notorious forest pest gypsy
moth (Lymantria dispar). With 46 species documented from F. sylvatica, the
species richness of beech-feeding phytophagous insects is lower in Europe than
in the other two regions, but up to 15% of them are specialist insects on beeches.
In contrast, the proportion of beech-associated phytophagous insects in Japan is
much higher with 143 species recorded, and approximately 30% of these insects
are specialists on beeches. The underlying reason for the remarkable difference
in specialist diversity of phytophagous insect fauna between different geographic
regions is intriguing. Biogeographic evidence suggests that East Asia was less
affected by the last glacial period than were Europe and North America, and this
probably resulted in a higher diversity of insects associated with beeches in East
Asia (See figures, p.136-137).

Information on the phytophagous insects of the Taiwan beech is still scanty.
At least 83 species of phytophagous insects were identified from a 3-year-
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long investigation between 2009 and 2011. Of these insects, most species
feed on beech leaves. With regard to taxonomic composition, the majority of
species found on Taiwan beech were lepidopteran insects. Other insects include
weevils, sawflies, and gall-making insects. Because many organs of beech
exhibit a seasonal pattern, the life cycles of insects specializing on beech have to
accordingly match the phenology of beech.

Insects relying on Taiwan beech

The climate of Taiwan is predominantly subtropical, not ideal for the growth
of the cool-climate-favoring beech trees. Nevertheless, the mountainous
landscape along with the humid, foggy weather makes northern Taiwan a suitable
home to beech. The Taiwan beech, a species originating from southern Taiwan,
forms a patchy distribution on mountain tops of northern Taiwan. These beech
populations are hosts to many insects, including the precious species relying
solely on beech for survival.

Blue diamonds in Taiwan beech forests The best-known insect living in
Taiwan beech forests is a small hairstreak butterfly named Sibataniozephyrus
kuafui Hsu & Lin, which is named after a figure in an ancient Chinese legend.
According to the legend, “Kuafu” chased the sun until death of exhaustion. S.
kuafui is on the wing only during the wet “Plum Rain” season in May, and adults
are active during sunny hours, making the observers of this butterfly feel like sun-
chasers, like “Kuafu.” The males of S. kuafui possess metallic blue scales on their
wings. Of approximately 6,000 species of lycaenid butterflies, only 3 are known
to be specialists on beech. S. kuafui is considered a precious species endemic
to Taiwan. The life cycle of S. kuafui closely matches the phenology of Taiwan
beech. The adults appear on the canopy of Taiwan beech in May, and mate and
lay eggs beneath the branches in early summer. The eggs do not hatch until next
spring when the beech begins to break buds. The larvae feed exclusively on soft
beech leaves. The survival of S. kuafui depends on the concordance between
egg hatching and beech budding. A large population of beech is required for S.
kuafui to persist, because S. kuafui colonies in small populations are liable to
extinction due to climate chaos. The Tongshan area has the only large Taiwan
beech population that still exhibits signs of regeneration. Thus, it may represent
the most important refuge for this precious butterfly species if other Taiwan beech
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populations decline due to the current global-warming trend (See photographs,
p-139).

Night beauty: Underwing moths Two species of underwing moths have
been reared out from larvae collected from the new foliage of F. hayatae; both
represent unrecorded species in Taiwan. They were tentatively identified as
Catocala nubila Butler and Catocala connexa Butler or their relatives. Both C.
nubila and C. connexa are specialists on beech, and were initially thought to be
mainly restricted to Japan in their distribution. Straying individuals of C. nubila are
frequently found in Korea, Sakhalin, and Ussuri, but they cannot form sustainable
colonies in those areas because of the absence of beech forests. In some localities
within Japan, C. nubila has been placed on the endangered species list. Both C.
nubila and C. connexa are univoltine species with adults on the wing in summer,
thus not likely to visit Taiwan via winds or typhoons because the southwest wind
dominates the summer season over the island of Taiwan. There appears to be

The life cycle of Sibataniozephyrus kuafui
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doubtless that the Catocala species associated with Taiwan beech are aboriginal
in Taiwan, similar to S. kuafui (See photographs, p.141).

Other specialist insects associated with Taiwan beech Besides the
lycaenid hairstreak butterfly and underwing moths mentioned above, other
interesting insects exclusively associated with beech have been found in the
samples obtained from Taiwan beech. A notodontid caterpillar we found, failed
to reach the adult stage. Its morphology resembles that of Quadricalcarifera
punctatella (See photograph, p.142), a moth that is considered endemic to Japan
and a specialist on beech. A species of the gracillarid moth Caloptilia was reared
to the adult stage. It is an interesting finding because Caloptilia, being mostly
specialists, has never been known to feed on beech. Furthermore, a kind of seed-
borer was isolated from the seeds of Taiwan beech in 2010 when seeds were in
full reproduction. Its feeding behavior and morphology are similar to those of a
small tortricid moth called Pseudopammene fagivora. P. fagivora is considered
the most important factor involving the survival of beech seeds in Japan, and
perhaps responsible for the evolution of the periodic mass seed production
pattern there. It is also known that this tortricid moth exhibits prolonged diapause
in the pupal stage, possibly an adaptation to the seed production pattern (See up
photographs, p.143).

Polyphagous insects associated with Taiwan beech

The insects relying exclusively on beech for food are not the only insects
found on Taiwan beech; many insects with broader host ranges also use Taiwan
beech as alternative food. Some of them feed on various plants of the beech
family. For example, Auaztellodes arianus, a moth endemic to Taiwan, feeds on
oaks. Many general feeders may also infest beech foliage, including a few tussock
moths and burnet moths. Some of them may devour large amounts of foliage and
become the pests of Taiwan beech pests.

Gall-makers on Taiwan beech

A variety of galls may be found on Taiwan beech. Some resemble a peach, and
some an ice-cream cone; others have a morphology that is difficult to describe.
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Although gall researchers have paid much attention to the galls on Taiwan beech,
many gall-making insects overwinter as larvae or pupae in debris, making them
hard to study in subtropical Taiwan. At least 7 different types of galls have been
found on Taiwan beech, and up to 31 species of gall midges have been discovered
from beeches in Japan. Thus, it is reasonable to assume that there would be more
species of gall-makers on Taiwan beech.

Borers and debris-feeders in Taiwan beech forests

Woody tissues of beech, living or dead, attract a variety of insects, use the
wood as food. Many of these insects are beetles. Quite a few insect specialists
on beech, such as the longhorn beetle Dolichoprosopus yokoyamai Gressitt, are
known in the other regions of Japan. In Taiwan, this functional group is still
poorly known, but a weevil has been reared out from a living twig of Taiwan
beech. In Japan, many beetle larvae, notably the beautiful, metallic stag beetles
of the genus Platycerus, are known to use the dead wood of beech as food.
However, beetles of this genus have not been found in Taiwan.

Non-Fagus-feeding insects associated with
the Taiwan beech forests

Although Taiwan beech is the dominant tree species in beech forests in
Taiwan, other trees of the genera Quercus, Rhododendron, and Symplocos also
grow in these forests. Besides, the bamboo species Yushania niitakayamensis
forms the dominant vegetation on the forest floor of Taiwan beech forests.
These plants provide many habitats and food for insects. One of the best-known
examples is a lycaenid butterfly known as Horaga rarasana Sonan, which is
monophagous and specializes on Symplocos macrostroma, a plant commonly
found associated with Taiwan beech.

Compared to Europe or Japan, where the insect fauna on beech has been
explored for decades, the analysis of the insect fauna on the Taiwan beech is still
in the preliminary stage and awaits further investigation.
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Genetic variation in Fagus hayatae

Jer-Ming Hu / Hsiang-Hsuan Kung

Conservation biologists are usually concerned if the survival of a target
species is restricted by its reproductive deficiency, which may be caused by
various factors such as the lack of flexibility to adapt to a dynamic habitat
change or reproductive breakdowns caused by inbreeding depression. One of the
indicators commonly used to assess survival plausibility is the genetic variation
in the population. A low genetic variation in the population usually indicates a
lack of gene flow among the individuals.

Most of the biological genetic information is stored in and transmitted to the
next generation by DNA. The genetic information carried by the offspring is
formed by rearranging the parental genomes via recombination during gamete
formation. Therefore, the genotype of the offspring will be similar to that of his/
her parents. Except in asexually reproducing individuals, genome rearrangement
can lead to many different combinations, thereby resulting in large genetic
variation in the progenies.

In this chapter, we summarize current studies that use molecular markers
to elucidate the phylogenetic relationships of F. hayatae and related species,
particularly for the relic populations in Taiwan.

Research on the worldwide genetic variation of Fagus

Fagus species are one of the major tree species in temperate forests, and
many studies have been conducted on Fagus species, including systematics and
population genetics.

Shen (1992) conducted the first comprehensive classification of the genus
Fagus around the world, based solely on morphological characteristics. Scattered
genetic variation research on Fagus can be traced back to the 1980s and 1990s, in
which Comps et al. (1987, 1990) used isozymes to analyze the European beech
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(F. sylvatica).

Fagus is considered a small genus in the Fagaceae family, having only about
10 to 13 species distributed in North America, Europe, and East Asia. In general,
Fagus is considered relatively primitive in the Fagaceae family. However,
analysis of genetic markers, such as the nuclear ribosomal internal transcribed
spacer (nrITS) and chloroplast rbcL-atpBE, revealed that Fagus species are much
different from other Fagaceae taxa. This indicates that the genetic relationship
between Fagus species and other Fagaceae is weak, but the genetic differences
within Fagus species are relatively small.

As far as the nrITS sequence is concerned, the genus Fagus usually exhibits
high polymorphism at the species level. Current studies suggest that although
Fagus was widely distributed on the Earth in the Cenozoic period, no radiation
on diversification was found. In contrast, the genus Fagus gradually accumulates
random genetic variations in the population. In other words, Fagus species did
not undergo a clear speciation process, except in some regions where Fagus is
effectively isolated from other continents or islands. Fagus species usually exhibit
a wide distribution in the temperate zones, with an open-pollinating mechanism
for reproduction. Therefore, it is difficult for genetic isolation to occur. At the
molecular level, the evolution rate of Fagus is relatively low.

A molecular phylogenetic study was first applied to Fagus in 2001 by Manos
and Stanford, who sampled 12 individuals from 9 taxa. Analysis of nuclear ITS
and chloroplast rbcL-atpBE regions showed that the ancestors of the genus Fagus
in Europe and America originated from Asia. However, the genetic information
did not accurately reflect the speciation of isolation due to limitations of the
data. So far, the phylogenetic relationships among Fagus species have remained
unresolved, and the usual genetic markers may be unable to determine the exact
relationship between species (See figure, p.158).

At the current stage, we are still unable to obtain a clear picture of the
relationships between F. hayatae, F. hayatae subsp. pashanica, and F. hayatae
var. zhejiangensis. Recently, a Fagus species in Shennongjia, Hubei (China), was
identified as F. hayatae, but the true identity needs further confirmation.
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Study of genetic variation in Fagus hayatae

F. hayatae is a rare and endangered plant in Taiwan. Two major populations
exist in Taiwan: one in the region of Lalashan and Chatienshan, and the other in
the Tongshan region, which is located to the south of the Lanyang River.

Research on the population variation of F. hayatae began with Kato et al.
(2000), who examined the population variation of 15 F. hayatae individuals
at Lalashan using restriction fragment length polymorphism (RFLP) analysis
of mitochondrial DNA. The results showed that the 15 individuals had no
polymorphisms in this molecular marker. In other words, informative sites are not
present in the genetic region.

Recently, some new F. hayatae population sites, such as Tongshan, Dabaishan,
and Lenkanshan, have been discovered in Taiwan. A more complete survey on
F. hayatae phylogeography was launched under the guidance of the Forestry
Bureau, Council of Agriculture Executive Yuan, to assess the necessity of
conserving F. hayatae.

In recent analyses using the chloroplast frnL—F region and the rbcL-atpB
markers, 9 populations in Taiwan were classified into 3—4 subgroups. Some of
them, such as the samples from Dabaishan, have unique nucleotide variations,
which indicate that special haplotypes were produced by the emergence of local
evolution (See figure, p.76).

On the other hand, analysis of microsatellite markers among the 9 populations
revealed that the 9 populations exhibit significant heterozygosity; however,
genetic differentiations between populations are insignificant despite the presence
of slightly higher genetic differentiations in several populations, such as the
samples from Lankanshan. All these results showed that the genetic variation
among populations is quite low. However, the genetic variation analysis only
reveals the diversity in the selected genetic regions, rather than the adaptive
changes due to natural selection; the current sampling is still incomplete. In other
words, we need to use a larger sample size from each population, and combine
studies on reproductive strategies and seed and seedling viability to elucidate the
life history of F. hayatae (See figure, p.162).
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To continue the ongoing life

Tze-Ying Chen / Zhe-Rong Lin
Trade off between the use and conservation

Nature conservation is the human act of protecting and preserving the natural
environment and species to achieve the sustainable use of natural resources and to
maintain the balance and stability of ecosystems. Simply put, conservation means
the rational use of natural resources instead of “no use.” The use that can result in
rapid extinction of species should be stopped and be properly managed.

Biodiversity conservation Globally, many species are gradually decreasing or
disappearing. The reasons for the reduction in biodiversity and the disappearance
of species include forest clearance, decreasing area of tropical rain forests,
continuous disappearance of wetlands, oceanic destruction and pollution,
soil destruction and degradation, invasion of alien species (See photograph,
p.165 above), and global warming. Today, conservation has 4 major goals: (1)
protecting the resources required for human existence against destruction and
pollution; (2) ensuring the sustainable use of ecosystem resources; (3) preserving
genetic diversity; and (4) preserving the monuments of natural history.

Faced with the increasing severity of disappearing global biodiversity, UNEP,
IUCN, and FAO proposed the Convention on Biological Diversity, which was
passed in the conference of the United Nations in 1992, and became officially
effective in 1993. The Convention on Biological Diversity is a global treaty with
the clear, common goal of conserving biodiversity.

Methods of species conservation Species conservation includes in situ
and ex situ conservation. In situ conservation is the immediate protection and
restoration of populations and ecosystems. Ex situ conservation is the process of
preserving genetic resources outside of the natural habitats, preventing species
extinction, carrying out restoration if necessary, and supplementing the natural
population (See photographs, p.166 right bottom - 167).
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Establishment of reserves and protection areas Reserves and protection
areas are established to protect and maintain biodiversity and natural resources,
and to manage and enforce laws based on regulations. The reserves and protection
areas should be planned by taking into account residential and community
development, and are divided into transitional zone, buffer zone, and core area,
according to geographical conditions and ecological functions. Conservation can
be achieved without neglecting people’s needs (See figure, p.168 ).

The core area has the most integral biodiversity and the highest density of
conserved species, and may consist of one or more sections with an area sufficient
to maintain natural regeneration or reproduction of the conserved species. In the
core area, most human activities, with the exception of scientific research, are
prohibited.

Located outside of the core area, the buffer zone has a larger size and is
designed to control disturbances, protect against destruction, contain alien
invasive species, and provide for most scientific studies. In the buffer zone,
hunting and profitable exploitation are prohibited.

Located outside of the buffer zone, the transitional zone is designed to connect
the reserves or protection areas with the neighboring areas, and allow exploitation
and development of local resources, such as ecotourism, botanic gardens, and
community construction (See figure, photographs, p.169).

International conservation of Fagus forests

The IUCN Red List of Threatened Species categorizes Fagus longipetiolata
and F. hayatae as threatened species, and advises the nations with these two
species to devise and implement the appropriate conservation plans.

Distributed in both China and Taiwan, F. hayatae is included on the list of rare
and endangered species in China. It has been declared as 1 of 5 precious and rare
species by the Cultural Heritage Conservation Law in Taiwan based on its unique
conservational status of glacial relic species and important academic value.

Based on the definition of the reserves of IUCN, rare and representative
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ecosystems around the world are included in the reserves and protection areas of
different types and classes. For example, Nature Reserves are established strictly
for scientific research, and National Parks are designed for both conservation and
recreation. If these reserves are internationally recognized as the heritage of the
entire world, they should be conserved. Those declared as World Heritage sites
by UNESCO (United Nations Educational, Scientific, and Cultural Organization)
deserve more concern and protection from mankind.

In many areas, the Fagus forests and the companion species are included in
the system of reserves due to their representativeness of local plant communities,
their uniqueness, and rarity. In America, Europe, and Japan of the north
hemisphere, beech forests are the prevailing type of vegetation. Representativeness
and primitive status are reasons why the Great Smoky Mountains National Park
in North America, Primeval beech Forests of the Carpathians and the Ancient
beech Forests of Germany in Europe, and the Shirakami -Sanchi in Japan are
listed as World Heritage sites (See figure, p.172-173).

United States of America Listed as a World Heritage site in 1983, the Great
Smoky Mountains National Park is situated in eastern America, spanning between
eastern Tennessee and western North Carolina. With the Appalachians running
in the south-north direction, this park provided sanctuary to many animals
and plants in the last glacial period, and thus became the area with the highest
biodiversity in the temperate zone as well as the major habitat of F. grandifolia.

Europe Europe has the following reserves: Burnham beeches, Gran Paradiso
National Park, Monte Elias National Park, Kellerwald-Edersee National Park,
Hyrcanian Forest (Caspian Forest), South Ridge State Park, and Carpathian
Biosphere Reserve. In Europe, the most primitive beech forest is located in the
Carpathian Mountains, which was designated as a World Heritage site in 2007.

In 2011, the Kellerwald-Edersee National Park in Germany was once again
incorporated into the Carpathian primitive beech forest and was combined with
the other 4 national parks or reserves with beech forests: Miiritz National Park
in Mecklenburg-Vorpommern, Hainich National Park in Thiiringen, Jasmund
National Park in Riigen, and Schorfheide-Chorin Reserve in Brandenburg.
This incorporation led to the formation of the Primeval beech Forests of the
Carpathians and the Ancient beech Forests of Germany, which span 5 countries.
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Japan Shirakami -Sanchi possess a unique ecological environment, which
preserves numerous rare plants and animals as well as the largest primitive beech
forest in the world, with the only comparable beech forest being in Europe.
Among the 14 World Heritage sites in Japan, only 3 are natural sites, with the
primitive beech forest recognized in 1993 as one of them.

China Among the national reserves of China, 25 are home to Fagus species.
Fagus hayatae subsp. pashanica grows in the following 6 reserves: Micangshan
Nature Reserve, Tianmushan Nature Reserve, Qingliangfeng Nature Reserve,
Shennongjia Nature Reserve, Seven Sisters Mountain Nature Reserve, and Size
Langou Nature Reserve (See figure, p.174-175).

In China, the Fagus forests are distributed in two of the World Heritage
sites, Huangshan and Wuyishan (See photograph, p.175). Among the 54 places
considered for World Heritage designation, Shennongjia Nature Reserve of Hubei
and Jinfoshan Nature Reserve of Chongqing also have Fagus forests. However, F.
hayatae subsp. pashanica, a species phylogenetically close to F. hayatae, grows
only in Shennongjia Nature Reserve.

Due to their ecosystem representativeness and species rarity, Fagus forests
are widely included in protection areas, reserves, and national parks, or listed
as World Heritage sites, indicating that the Fagus forests are valued by many
countries around the world.

Conservation laws in Taiwan

Taiwan has been making great efforts in nature conservation, and has a long-
term program for conservation planning and implementation. Presently, in
Taiwan, the laws of nature conservation include Forest Law, Cultural Heritage
Preservation Law, Wildlife Conservation Law, and National Parks Act. These four
laws are the important basis for designing and planning Nature Reserves, Nature
Protection Areas, and National Parks.

239
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Preserving nature’s ark of Taiwan beech forests

The establishment of a comprehensive protection network is essential for
the in situ conservation of beech forests in Taiwan. The network can provide
the following services: (1) supply a source of Taiwan beech seeds for ex situ
restoration; (2) continuously monitor and survey for collecting sufficient data
and knowledge for the foundation of preservation and restoration. Being a relic
species of the glacial period, Taiwan beech is the best research material and
an excellent indicator for examining glacial recession and global warming. (3)
Ensure the sustainability of animals and plants along with the conservation of
Taiwan beech in ecosystems (See figure, p.180-181).

Of the 85 nature protection areas in Taiwan, only Chatianshan Nature Reserve
(See photographs, p.179-180) was designed in 1992 to protect Taiwan beech,
according to the Cultural Heritage Preservation Law. In the reserve, Taiwan
beechcovers about 172.66 ha.

In the Tongshan area (1,500-2,000 m a.s.l.) of Nanao, Yilan county (See
photograph, p.179 right above), the Taiwan beech forest covers an area of
1,154.32 ha, supposedly the largest primitive Taiwan beech forest in the world. In
Lankanshan and Dabaishan (1,200-1,400 m a.s.l.) of Nanao, Yilan county (See
potograph, p.181 left), the Taiwan beech forest covers an area of 34.41 ha.

We suggest that the national forests about 10,000 ha in Tongshan, Dabaishan,
and Lankanshan be designated as a nature protection area according to Forest
Law so as to create a comprehensive network of protection areas connecting all
Taiwan beech forests.
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F W ER5| English Index

A

AdAPLAtION i 230
Ancient 1ake . 55
B

Beech--

43, 46, 47, 51, 56, 58, 60, 102, 111,
120, 123, 136, 137, 171, 172, 173, 180,
181, 190, 191, 192, 193, 203, 204, 206,
208, 211, 210, 212, 213, 214, 222, 223,
224, 226, 227, 228, 229, 230, 230, 231,
238, 239, 240

Big-small Langou Nature Reserve

. 174
Bohai Sea - 196
BOrers oo 231
Botanical Garden ... 111, 166, 191
Bud scale SCar i 87
BUffer ZOne - 237
Bunzo Hayata - 17, 18, 191
C

Canopy -

63, 82, 193, 199, 200, 201, 205, 208,
209, 228

Canopy gap . 82, 200
ChatianShan e

22, 55, 56, 73, 76, 74, 165, 179, 180,
186, 190, 191, 192, 193, 205, 222, 224,
240

ChIorophyll - 212
Chloroplast - 233, 234
Conservation ...

169, 185, 186, 187, 192, 216, 220, 232,
236, 237, 238, 239, 240
Convention on Biological Diversity

- 236
Core area - . 168, 237
Cotyledon S © s W2

Cultural Heritage Preservation Act
- 186, 192, 216
Cupu|e. v 17,92,190, 194

D

Dabaishan -

23, 55, 58, 74, 75, 76, 77, 181, 204,

205, 207, 234, 240
Disjunct distribution i 227
Dispersal - 213
Diversity -

193, 199, 205, 226, 227, 234, 236
Dormancy -

85, 102, 211, 214, 217, 218
Drift-fence funnel trap oo 223
Dwarf bamboo - 48, 211, 214

E
Ecosystem -

165, 186, 187, 189, 205, 224, 236, 239
Ecotourism i 169, 237
EOCENE oo 194
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Europe -
188, 194, 195, 196, 197, 198, 199, 200,

203, 226, 227, 231, 233, 238, 239

Evolution. i 230, 233, 234
Ex situ conservation ... 220, 236
F

FAQ i 165, 236
Flora Montana Formosae - 18, 191
Forest Law v 239, 240
Formosan Trees s 19
G

Gall i 89, 228, 230, 231
Gall-making insects - 228, 231
Gap - 47,82, 199, 200
Gap regeneration... s 199, 200
Genetic variation e 232, 234
Genotype.,. e DO

Germination percentage
- 102, 108, 218, 219
Germination speed - 218
Global warming -
186, 189, 213, 229, 236, 240
Gran Paradiso National Park

- 171,238
Great Smoky Mountains National Park

- 172,238
H
Holocene oo 195, 196, 202, 203

HOIOtYPE - 192

Honshu v 197, 203
Huangshan... e, 172’ 173’ 175‘ 239
Hypocoty| . Q)
Hyrcanian Forest (Caspian Forest)
- 172,238

[
In situ conservation ... 216, 236, 240
Interglacial

- 188, 195, 197, 202, 203, 227
Inventory - 189, 222, 223, 226
Invertebrate . 225
IUCN

- 8,165, 169, 170, 188, 236, 237

J
JAY . 124, 222
K
Kellerwald-Edersee National Park
- 172,238
L
Lalashan -
22, 55, 75, 180, 186, 192, 204, 206,
207, 234
Lankanshan e

23,58, 74, 76, 77, 181, 193, 204, 205,
207, 234, 240
Lepidopterous insects -.......... 136, 137
Lupishan - 23, 55, 58, 74, 181, 204, 205
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M

Mean germination time ............ 102, 218
Micangshan Nature Reserve ... 239
Mixed buds - 210, 211
Monophagous - 136, 137, 231
Monsieur J. Palibin oo 17,191

N

Nariaki Konishi oo 17,21, 191
National Park ... 167,171, 172, 238
Natural selection - 234
Nature Reserve -
165, 171, 172, 174, 179, 180, 186, 187,
222,239, 240
Niaozuishan
- 22,56, 76, 180, 192, 204, 207
NOGtUrNAL- oo 223
NUE i 17,190, 191

O

O|dgrowth StAQE v 48
Orthodox - v 104, 218, 219

P

PCR-based. . 155
Pheno|ogy o 210, 226, 228
PhOtOSYNhESIS:. - oo 212
Phytophagous INSECE oo 227
Pleistocene
- 53,188, 189, 195, 202

Pollen

- 92,190, 196, 203, 212, 213, 217
Polyphagous

-..136, 137, 227, 230
Prolonged diapause ... 142, 143, 230
Propagu|e e QD)

Q

Qingliangfeng Nature Reserve
- 239
Quatemary.. e 195, 202

R

Rational USe e
Regeneration ---
51, 82, 186, 188, 199, 200, 201, 204,
206, 208, 210, 213, 214, 224, 228, 237
Reproductive strategies............... 234
Ryo0so Kanehira.......ove 19, 193

169, 236
34, 35, 36

S

Seed DaANK o
Seed moisture content ...
Seed storage behavior ...
Seed viability
Seedling----

83, 206, 210, 211, 214, 216, 220, 221,

234
Seedling viability i 234
Seven Sisters Mountain Nature Reserve

- 239

189, 214
104, 219
218,219
213,214

Shennongjia Nature Reserve

- 239
ShErmMan trap s 223
SRIQUI v 193

Small mammal i 222, 223
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South Ridge State Park ... 238
SPECIALION v 233
Stamen- e e 16
Stand initiation stage - 48
101, 102, 218
- 48, 200, 201
v 168, 236

Stratification
Succession........

Sustainable USe

T
Takaishan ... 22, 55, 180, 204, 206
Temperate-recalcitrant ................ 105
Terminal buds oo 87
Tianmushan Nature Reserve ............. 239
23, 28, 29, 50, 55, 58, 60, 61, 74, 76,
84, 94, 100, 181, 186, 193, 204, 205,
206, 207, 216, 217, 220, 222, 224, 228,
234, 240
Tortricid moth oo 143, 230
Transition Zone . 168
TUuSSOCK MOth v 144
21, 29, 30, 72, 188, 192, 193, 206, 207,
214, 220, 238

U

Understory reinitiation stage ... 48
UNEP oo 165, 236
UNESCO.- - e 171, 238
Univolting - 226, 229

\Y

Viability.......... 213, 214, 219, 220, 234
Vulnerable ... 68, 170, 211, 214, 216

w

World heritage
. 171, 174, 175, 238, 239
Wuyishan s 172,175, 239

e 147,231

X

Xiatongshan 23, 55, 58, 74, 181, 193, 206
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B & 5| Scientific Name Index

A
Accipiter trivirgatus formosae ... 122
ACET v 26, T4, 194, 207
ACEIaCeARL - wvvvvverereriviinneveecsssisevecvenennne. 198
Achalinus formosanus formosanus
126, 225

Acrophorus stipellatus (Wall.) Moore

78,79, 208
Aegithalos conCinNUS - 122
Alnus formosana (Burkill ex Forbes &
Hemsl.) Making o 207
Apodemus SEMOLUS v 119, 224
Araliaceae . 198
Araucaria columnaris (Forster) Hook. -- 105
Arborophila crudigularis -......122, 224
Asarum macranthum Hook. f........79, 80
Auaztellodes arianus (Wileman) - 144, 230
Azadirachta indica A. Juss. oo 106
B
Bambusicola thoracica sonorivox - 122
Belomys pearsoni kaleensis......119, 224
BEtUIA v 26, 194, 207
Bufo bankorensis 129, 225
C
Ca|()pti|ia i 142, 143, 230
Calliteara taiwana (Wileman) ... 144
Caloptilia spp. 140
Callosciurus erythraeus -..........119, 224

Camellia tenuifolia (Hayata) Coh-Stuart
73,75
Camellia brevistyla (Hayata) Coh.-Stuart

e 60, 61, 68, 71, 83, 208

Capricornis swinhoei . 115, 224
Carpinus e 26, 194
Castanopsis 58, 196
Catocala connexa Butler -..........140, 229
Catocala nubila Butler -............140, 229

Chamaecyparis
62, 63, 65, 66, 72, 182, 183, 189, 202,
205, 207

Chamaecyparis formosensis Matsum

S— 62, 63, 65, 182, 205

Chamaecyparis obtusa Sieb. & Zucc.

var. formosana (Hayata) Rehder
62, 63, 66, 72, 183, 205, 207

Cinnamomum subavenium Mig. 63, 67

COMNACEAE -rvovevevrerrvrrriiereriesirirseresnn. 198
Corvus macrorhynchos......cwe. 122
Cuculus sparverioides ... 122
Cunninghamia konishii Hayata. ... 202
Cleyera japonica -....co.co.... 62, 63, 205
D

Daphniphyllum glaucescens BI. ssp.
oldhamii (Hemsl.) Huang - 73
Daphniphyllum himalaense (Benth.)
Muell.-Arg. subsp. macropodum

(Mig.) Huang - 62, 63, 208
Dendrocopos leucotos insularis ... 122
Dolichoprosopus yokoyamai (Gressitt)
146, 231
Dremomys pernyi owstoni ... 119, 224
Dendropanax dentiger (Harms ex Diels)
e 62, 68, 69, 73
Dryopteris formosana (Christ) C. Chr. .. 75

\V/[=] SR —
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Dryopteris sparsa (Don) Ktze. ----78, 208
Dysosma pleiantha (Hance) Woodson -- 182

E

Enkianthus perulatus Schneider

- 68,71,72,73
Eothenomys melanogaster ------119, 224
EriCaceag i 198
Euphorbiaceae - 198
Euproctis spp. 145

Eurya crenatifolia (Yamamoto) Kobuski
- 60, 61, 68, 69, 73, 75

Eurya glaberrima Hayata - 72, 73
Elaeis guineensis Jacg. - 106
F

Fagaceae -

14, 136, 137, 186, 189, 190, 198, 199,
206, 233

Fagus brevipetiolata Hu - 27
Fagus chienii W.C.Cheng .- 27, 160
Fagus chinensis Li o 30, 194

Fagus crenata Blume -
27, 28, 29, 36, 37, 42, 106, 134, 159,
194, 195, 196, 197, 200, 219, 226
Fagus engleriana Seem.
27, 30, 31, 37, 42, 159, 160, 194, 197
Fagus grandn‘oha ERrh. oo
27, 34, 35, 37, 39, 40, 103, 137, 194,
195, 196, 197, 200, 218, 227, 238
Fagus grandifolia subsp. mexicana
(Martinez) E. Murray -
27, 34, 35, 37, 39, 40, 137, 194, 195, 196,
197, 218, 227
Fagus granulatCz i 32
Fagus hayatae Palibin -
14, 18, 20, 21, 28, 29, 31, 37, 38, 42,
44, 54, 55, 56, 58, 61, 72, 73, 74, 75,

158, 160, 161, 162, 170, 174, 178, 180,
188, 189, 194, 201, 203, 204, 205, 207,
208, 210, 219, 220, 229, 232, 233, 234,
237,239

Fagus orientalis o 27, 194

Fagus bijiensis ..o 27

Fagus hayatae subsp. hayatae --- 28, 29,

159, 198

Fagus hayatae var. zhejiangensis .- 161

Fagus hayatae subsp. pashanica
(C.C.Yang) R.Peter ex J.Q.Li -
14,27, 28, 29, 31, 38, 44, 54, 174, 188,
194, 197, 204, 239

Fagus Japomca e
20, 27, 36, 37, 42, 48, 134, 189, 192,
194,197, 226

Fagus longipetiolata Seem. -
27, 28, 37, 38, 42, 44, 160, 170, 194,
197, 237

Fagus lucida Rehd. et Wils. -
27,37,42, 159, 160, 194, 197

Fagus okamotoi Shen i 27

Fagus sylvatica L.
26, 27, 34, 37, 41, 47, 48, 106, 190,
191, 194, 195, 196, 197, 199, 200, 218,
219, 227, 233

Fagus sylvatica subsp. orientalis (Lipsky)

Greuter. & BuUrdet - 37
Fagus tientaiensis Liou

(F. tientaiensis Liou) - 27
Fatsia polycarpa Hayata -------.---122, 207
Ficedula hyperythra innexa ... 122
G

Garrulax albogularis ruficeps - 122
Garrulax morrisoniana -............... 122
Garrulax poecilorhynchus
POECIHOrNYNCRUS - 122

265
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Garrulus glandarius tainvanus........... 122
H

Herpestes urva formosanus ... 115, 224
Heterophasia auricularis............... 122

Horaga rarasana Sonan--... 147, 148, 231
Hydrangea angustipetala Hayata.--- 68

HICIACEAE oo 198
Ilicium anisatum L.-- 60, 61, 63, 64, 73, 205

J
Juglandaceae - 198
K
Khaya senegalensis (Desr.) A.Juss. - 106
Kurixalus eiffingeri - 129, 225
Kurixalus idiootocus .. 129, 225
L

Lithocarpus kawakamii (Hayata) Hayata
64, 207
Litsea acuminata (Bl.) Kurata-- 62, 63, 64,
205

Lauraceae .o 189’ ]_98’ ]_99’ 206
Lindera erythrocarpa Makino. ... 182
Liocichla steerii e 122

Litsea elongata (Wall. ex Nees) Benth. &
Hook. f. var. mushaensis (Hayata) J. C.
Li@0 w60, 61, 63, 65, 205
Lophura SWINNOTi - 122, 224
Lycodon ruhstrati ruhstrati -...126, 225
Lymantria dispar Linnaeus ---..-137, 227
Ligustrum liukiuense Koidz. --......62, 68
Laurocerasus phaeosticta (Hance)

Maxim. 63
Lithocarpus konishii (Hayata) Hayata. 72,
207
Lithocarpus hancei (Benth.) Schottky var.
ternaticupula (Hayata) Liao

e 60, 61, 63, 67, 72, 205

M

Macaca cyclopis - 115, 224
Machilus thunbergii Sieb. & Zucc. 63, 64

Magnoliaceage - 198, 206
Martes flavigula chrysospila ------115, 224
Meliaceae i, 198
Melogale moschata subaurantiaca
. 115, 224
Miscanthus sinensis Andersson ... 75
Michelia compressa (Maxim.) Sargent
- 72,202, 207
Moraceae 198

Muntiacus reevesi micrurus ------115, 224

Mustela sibirica taivana........... 115, 224
Myophonus iNSULArTS:.- v 122
Myrtaceae 198
Myrsine stolonifera (Koidz.) Walker --- 75
Murina isodon - 119, 121
N

Neolitsea aciculata (Bl.) Koidz. - 73

Neolitsea acuminatissima (Hayata)
Kanehira & Sasaki - 60, 61, 68, 70, 73, 75

Neolucanus sp. 149
Niltava vivida vivida .. 122
Ninox scutulata - 122, 225
Niviventer culturatus ...........119, 224
Nothofagus RS N Ve ¥ 4
@]
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Oxalis acetosella subsp. griffithii var.
formosana i 719, 81, 208
08K i 100, 227
Otus spilocephalus hambroeoki -122, 225
Ovophis monticola makazayazaya

126, 225
Osmanthus heterophyllus (G. Don) P. S.
Green 68, 75

Ophiopogon intermedius D. Don ... 72

=]
Paguma larvata taivana.........--115, 224
Palitisa cervina formosana Matsumura
144, 145
Parus ater pti|osus SOOI 7.2
Parus monticolus insperatus ... 122
Pieris taiwanensis Hayata - 75

Pourthiaea villosa (Thunb. ex Murray)
Decne. var. parvifolia (Pritz.) Iketani &

Ohashi 68, 70, 73
Pellionia radicans (Sieb. & Zucc.) Wedd.
79, 81

Peracarpa carnosa (Wall.) Hook. f. &
ThOMSON v 9
Petaurista alborufus lena.............119, 224
Phasianidage . 224
Phoenix reclinata Jacq. - 106
Picus canus tancolo e 122
Pinaceae . .. 198

Plagiogyria formosana Nakai-- 75, 78, 79,
208

Platycerus spp. 147

Pnoepyga albiventer formosana ... 122

Polystichum parvipinnulum Tagawa
78,79

Pseudopammene fagivora Komai
142, 230
Pseudoxenodon stejnegeri stejnegeri

126, 225

Pyrrhula nipalensis uchidai --........ 122

Pyrenaria shinkoensis (Hayata) Keng.---
62, 63, 65, 205

Q

Quadricalcariferia punctatella
(MOtSChUISKY) v 142

Quercus
26, 58, 63, 66, 67, 75, 194, 195, 197,
206, 207, 231

Quercus sessilifolia (BI.) Schottky .-
62, 63, 66 75, 207

Quercus morii (Hayata) Schottky---63, 66

Quercus longinux (Hayata) Schottky:.......
63, 66

R

Rana sauteri - 129, 225
Rhacophorus moltrechti -............129, 225
Rosaceae 198
Rubus sumatranus Mig. - 79, 81
Rusa unicolor swinhoei -.............115, 224

Rhododendron pseudochrysanthum
Hayata 68, 69, 205
Rhododendron formosanum Hemsl. ---68,
69, 205

Rhododendron hyperythrum Hayata - 75

Rhinolophus monceros ... 120

Rhinolophus formosae ... 120

S

Sphagnum 102, 105

Sassafras randaiense (Hayata) Rehder
202

Selaginella remotifolia Spring 78, 79
Sibataniozephyrus fujisanus (Matsumura)

267
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139

Sibataniozephyrus kuafui Hsu & Lin
e 138, 1309, 140, 228, 229

Sibataniozephyrus lijinae Hsu ... 139
Sitta europaea 122
Soriculus fumidus e 119

Sphenomorphus taiwanensis ------126, 225

Stachyris ruficeps - 122
Stellaria arisanensis (Hayata) Hayata-- 79
Strix aluco i 122, 225
Strix leptogrammica o122, 225
Styracaceae 198
Styrax formosana Matsum. var. formosana

61
Sus scrofa taivanus --........115, 224
Symaticus mikado o 122

Symplocos arisanensis Hayata
e 60, 68, 70, 205, 208
Symplocos macrostroma Hayata - 149, 231

Symplocos heishanensis Hayata - 75
Swietenia macrophylla King -............. 106
T

Taiwania cryptomerioides Hayata - 191, 202
Tamiops swinhoe formosanus -----119, 224
Tetradium glabrifolium (Champ. ex

Benth.) T. Hartley o 78
Theaceae - 198, 206
Tilia i 26, 73, 194, 195

Trochodendron aralioides Sieb. & Zucc.
60, 61, 63, 65, 83, 202, 205, 207, 208
Tsuga chinensis (Franchet) Pritz. ex Diels
var. formosana (Hayata) Li & Keng
i 63, 66, 75, 207
Ternstroemia gymnanthera (Wight &
Arn.) Sprague 62, 63, 67

U

Ulmaceae 198

Vv

Viburnum formosanum Hayata62, 68, 205
Viburnum erosum . 62, 68, 205
Viburnum sympodiale Graebner

68, 70, 83, 208
Viola formosana Hayata - 78, 79, 80
Viridovipera stejnegeri stejnegeri 126, 225
Viverricula indica taivana ------.115, 224
Viburnum sympodiale Graebner --- 68, 70,
83,208

Viburnum urceolatum Sieb. et Zucc. - 73

Viburnum luzonicum Rolfe . 73, 75
Y
Yuhina brunneiceps - 122

Yushania niitakayamensis (Hayata)
Keng f. 50, 61, 73, 75, 79, 80, 82, 94,
147, 184, 200, 208, 231

Z

Zizania palustris ... 105
Zoothera dauma s 122
Zophoessa siderea kanoi

(Esaki & NOmura) - 149
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